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A.. .INTERLACE VIDEO SIGNAL V1 

1... FIRST ONE-FIELD DELAY CIRCUIT 

2 . SECOND ONE-FIELD DELAY CIRCUIT 

3 ...THIRD ONE-FIELD DELAY CIRCUIT 

5. ..SECOND PROGRESSIVE VIDEO GENERATION CIRCUIT 

4. ..FIRST PROGRESSIVE VIDEO GENERATION CIRCUIT 
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7... INTER-FRAME INTERPOLATION CIRCUIT 
8 ...IN-FIELD INTERPOLATION CIRCUIT 
6. ..COMPARISON CIRCUIT 

B. .MOTION AMOUNT INFORMATION M 
9.. .OUTPUT CIRCUIT 

C. .. PROGRESSIVE VIDEO SIGNAL V2 



(57) Abstract: According to an interlace video signal which has been input, a plurality of interlace video signals corresponding to 
a plurality of continuous fields are generated by a first, a second, and a third one-field delay circuit. According to a plurality of 
interlace video signals, a first progressive video field signal is generated by a first progressive video generation circuit. According to 
a plurality of interlace video signals, a second progressive video field signal is generated by a second progressive video generation 
circuit. According to the first progressive video field signal and the second progressive video field signal, image vertical-direction 
motion amount information is calculated by a comparison circuit. 
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DESCRIPTION 

PICTURE CONVERSION APPARATUS AND PICTURE CONVERSION 
METHOD 

5 

Technical Field 

The present invention relates to a picture conversion 
apparatus and a picture conversion method for converting an 
interlaced video signal into a progressive video signal. 

10 

Background Art 

In order to convert interlaced video signals into 
progressive video signals, motion adaptive progressive 
conversion apparatuses have been conventionally employed. 

15 Fig. 14 illustrates an example of an interlaced video 

signal. An interlaced video signal in one frame is 
transmitted as a picture in two fields. For example, when 
L is an even value, signals on even-numbered lines such as 
the L-th line, the (L+2)-th line, the (L+4)-th line, the 

20 (L+6)-th line, and the (L+8)-th line are transmitted in the 
N-th field. Subsequently, signals on odd-numbered lines such 
as the (L+l)-th line, the (L+3)-th line, the (L+5)-th line, 
and the (L+7)-th line are transmitted in the (N+l)-th field. 
Further, signals on the same even-numbered lines as those in 

25 the N-th field are transmitted in the succeeding (N+2)-th 
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field. 

The interlaced video signal is thus transmitted in two 
fields, and a video in one frame is displayed by scanning lines 
in the two fields . 
5 A signal on a line which is not transmitted in each of 

the fields is generated from signals on lines preceding and 
succeeding the field on a time basis or signals in the field 
(e.g., signals on upper and lower lines). The generated 
signal and the transmitted signal are synthesized, thereby 

10 generating a progressive video signal. 

A line actually transmitted in a current field is 
hereinafter referred to as a current line, and a line 
generated from a plurality of fields preceding and succeeding 
the current field on a time basis or lines in the current field 

15 is hereinafter referred to as an interpolation line. 

Fig. 15 illustrates an example of the configuration of 
the conventional motion adaptive progressive conversion 
apparatus. As shown in Fig. 15, the motion adaptive 
progressive conversion apparatus comprises one-field delay 

20 circuits Jl and J2 , a motion detection circuit J3, an 
inter-frame interpolation circuit J4 , an intra-field 
interpolation circuit J5, and a switching circuit J6. An 
interlaced video signal JO is delayed by one field by each 
of the one-field delay circuit Jl and the one-field delay 

25 circuit J2 . 
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The motion detection circuit J3 compares corresponding 
pixels on the same line in a given field and a field which 
is two fields preceding or succeeding the field on a time basis 
(hereinafter referred to as "between frames"). The motion 
5 detection circuit J3 judges, when the difference between the 
values of the compared pixels is small, that the pixel is a 
"still picture", while judging, when the difference between 
the values of the compared pixels is large, that the pixel 
is a "moving picture". 

10 The inter-frame interpolation circuit J4 generates, 

from the pixels on the same line between frames, the 
corresponding pixels. For example, when a pixel X on the 
(L + 4)-th line in the (N+l)-th field is interpolated in Fig. 
14, the inter-frame interpolation circuit J4 generates the 

15 pixel X by an operation "X = (A + B) /2" (A and B indicate the 
brightness levels of signals representing pixels) , for 
example, from a pixel A on the (L+4)-th line in the N-th field 
and a pixel B on the (L+4)-th line in the (N+2)-th field. 

The intra-field interpolation circuit J5 generates, 

20 from pixels on adjacent lines in the same field, the 
corresponding pixels. For example, when the pixel X on the 
(L+4)-th line in the (N + l)-th field is interpolated in Fig. 
14, the intra-field interpolation circuit J5 generates the 
pixel X by an operation "X = (C + D)/2" (C and D indicate the 

25 brightness levels of signals representing pixels), for 
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example, from a pixel C on the (L+3)-th line in the (N+l)-th 
field and a pixel D on the (L+5)-th line in the (N + l)-th field. 

The switching circuit J6 selects, when an output of the 
one-field delay circuit Jl is a signal on a current 1 i.ne,- the 
5 signal on the current line and outputs the selected signal 
as a progressive video signal J7 . The switching circuit J6 
outputs the signal fed from the inter-frame interpolation 
circuit J4 as the progressive video signal J7 when the motion 
detection circuit J3 judges that an object pixel is judged 

10 to be a "still picture", while outputting the signal fed from 
the intra-field interpolation circuit J5 as the progressive 
video signal J7 when the motion detection circuit J3 judges 
that an object pixel is a "moving picture". 

In the apparatus having such a configuration, with 

15 respect to still pictures in frames between which there is 
a high correlation, a progressive video signal generated by 
inter-frame interpolation (interpolation performed from two 
fields preceding or succeeding a current field on a time 
basis) is outputted. On the other hand, with respect to moving 

20 pictures in frames between which there is a low correlation, 
a progressive video signal generated by intra-field 
interpolation is outputted. According to this method, 
therefore, interpolation processing almost conforming to the 
motion of a picture should be theoretically possible. 

25 In the method as in the conventional example, however, 
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when a picture having a large luminance difference in the 
vertical direction moves slowly, accurate judgment cannot be 
made. Therefore, inter-frame interpolation processing 
suitable for the still picture and intra-f ield interpolation 
5 processing suitable for the moving picture cannot be 
satisfactorily performed, so that the picture may, in some 
cases, be degraded. 

An example in such a case is illustrated as follows. 
Fig. 16 illustrates an original video signal which has not 

10 been converted yet into an interlaced video signal. The video 
signal changes in the degree of brightness (luminance) in a 
sine wave manner. The vertical axis indicates the luminance, 
and the horizontal axis indicates the number of a line. The 
luminance of black is indicated as the minimum value "0", and 

15 the luminance of white is indicated as the maximum value 
"255". Numerical values in Fig. 16 respectively indicate 
sampled values. 

The luminance of the original video signal is a value 
"218" on the L-th line, is the maximum value "255" between 

20 the L-th line and the (L+l)-th line, is a value "218" on the 
(L+l)-th line, is a value "128" between the (L+l)-th line and 
the (L+2)-th line, is a value "37" on the (L+2)-th line, is 
the minimum value "0" between the (L+2)-th line and the 
(L+3) -th line, is a value "37" on the (L + 3) -th line, is a value 

25 "128" between the (L+3)-th line and the (L+4)-th line, and 
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is a value "218" on the (L + 4)-th line. Similarly, the 
luminance also changes on the (L+5) -th line and the subsequent 
lines. When this picture is transmitted as an interlaced 
video signal, it is as illustrated in Fig. 17. That is,- the 
5 value of a solid circle is transmitted in a given field, and 
the value of an open circle is transmitted in the succeeding 
field. 

Fig. 18 illustrates a superimposition of video signals 
obtained by shifting such an interlaced video signal a half 

10 line at a time for each field. That is, luminance values 
"218", "37", "218", and "37" are respectively transmitted as 
the L-th line, the (L+2)-th line, the (L+4)-th line, and the 
(L+6)-th line in the fl-th field. 

Subsequently, the waveform of the original video signal 

15 is moved a half line at a time in the f2-th field. Therefore, 
luminance values "255", "0", "255", and "0" are respectively 
transmitted as the (L+l)-th line, the (L+3)-th line, the 
(L+5)-th line, and the (L+7)-th line. In the following, the 
luminance values of the video signals are respectively 

20 transmitted, as illustrated, in the f3-th field, the f4-th 
field, the f 5-th field, and the f 6-th field. The relationship 
between a line and a sampled value in each field is shown in 

25 
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Table 1 

Relationship between Line and Sampled Value in Each Field 
(a) Value of Original Video Signal 
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5 (b) Value of Sampled Video Signal 
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Table 1 (a) shows the luminance value of an original 
video signal which has not been sampled yet as an interlaced 
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video signal in each of fields, and Table 1 (b) shows the 
luminance value of a video signal which has already been 
sampled as an interlaced video signal. On the side of a 
receiver which has received the interlaced video .signal,- a 
luminance value on a line on which the interlaced video signal 
is not subjected to interpolation signal processing and 
transmitted, that is, in a column shown with "minus mark" in 
Table 1 (b) is found, so that the interlaced video signal is 
converted into a progressive video signal. 

Description is made of operations in a case where such 
an interlaced video signal is processed by the conventional 
motion adaptive progressive conversion apparatus shown in 
Fig. 15. In the conventional motion adaptive progressive 
conversion apparatus, the motion detection circuit J3 judges 
whether an object pixel is a "still picture" or a "moving 
picture" by the difference between the luminance value of an 
interlaced video signal in a given field and the luminance 
value of an interlaced video signal in a field which is two 
fields succeeding or preceding the field on a time basis. The 
result of the judgment is sent to the switching circuit J6. 

The switching circuit J6 outputs the signal fed from the 
inter-frame interpolation circuit J4 as the progressive video 
signal J7 if the motion detection circuit J3 judges that the 
object pixel is a "still picture", while outputting the signal 
fed from the intra-field interpolation circuit J5 as the 
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progressive video signal J7 if the motion detection circuit 
J3 judges that the object pixel is a "moving picture" . 

The operations of the motion detection circuit J3 will 
be first described using Table 2 (a) and Table* 2 (b) . 



Table 2 

Table for Explaining Operation of Motion Detection 
Circuit 



(a) Difference in Value between Two Fields 
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(b) Results of Judgment by Motion Detection Circuit 
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Table 2 (a) shows the difference between the luminance 
value of an interlaced video signal in a given field and the 
luminance value of an interlaced video signal in a f i eld which 
5 is two fields succeeding or preceding the field. Values shown 
in Table 2 (a) are operated by the motion detection circuit 
J3 . For example, the luminance value on the L-th line in the 
f2-th field is a value "181" which is the difference between 
the value "218" on the L-th line in the fl-th field and the 
10 value "37" on the L-th line in the f3-th field. Similarly, 
the luminance value on each of the lines in each of the fields 
is operated. 

Table 2 (b) shows the results of judgment by the motion 
detection circuit J3 whether an object pixel is a "moving 

15 picture" or a "still picture" on the basis of the luminance 
value shown in Table 2 (a) . Here, a threshold value of 
luminance between the moving picture and the still picture 
is taken as a value "20". The motion detection circuit J3 
judges that the object pixel is a "moving picture" when the 

20 luminance value thereof is not less than the threshold value 
"20", while judging that the object pixel is a "still picture" 
when the luminance value thereof is not more than the 
threshold value "19". 

The operations of the inter-frame interpolation circuit 

25 J4 and the intra-field interpolation circuit J5 will be then 
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described . 
Table 3 

Output Value of Interpolation Circuit 

(a) Output Value of Inter-frame Interpolation Cirr.uit 
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(b) Output Value of Intra-field Interpolation Circuit 
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Table 3 (a) shows the output value of the inter-frame 
interpolation circuit J4 . For example, on the L-th line in 
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the f2-th field, the luminance value of the interlaced video 
signal is not actually transmitted but is found by 
interpolation signal processing between frames. Therefore, 
the luminance value on the L-th line in the f2-th field in 
5 the inter-frame interpolation circuit J4 is calculated by 
averaging the value "218" on the L-th line in the fl-th field 
and the value "37" on the L-th line in the f3-th field in Table 
1 (b) , that is, as " (218 + 37 ) /2 = 128" . The other luminance 
value shown in Table 3 (a) is similarly calculated as an 

10 average of the respective luminance values between frames. 

On the other hand, Table 3 (b) shows the output value 
of the intra-field interpolation circuit J5 . When the 
luminance value on the (L+l)-th line in the fl-th field is 
found by interpolation processing between fields, for 

15 example, the luminance value is calculated by averaging the 
value "218" on the L-th line in the fl-th field and the value 
"37" on the (L+2)-th line in the same fl-th field in Table 
1 (b) , that is, as " (218 + 37 ) /2-128" . The other luminance 
value shown in Table 3 (b) is similarly calculated as an 

20 average of the respective luminance values on the upper and 
lower lines in the field. 

Description is now made of the operations of the 
switching circuit J6 . A signal fed from the inter-frame 
interpolation circuit J4 , a signal fed from the intra-field 

25 interpolation circuit J5, a signal on a current line, and a 
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signal fed from the motion detection circuit J3 are fed to 
the switching circuit J6 . 

Table 4 shows the luminance value of the progressive 
video signal J7 outputted from the switching circuit J6-. 
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20 



25 
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Table 4 

Output Value of Switching Circuit and Difference between 
Interpolation Signal and Original Signal 
(a) Output Value of Switching Circuit on 
5 Interpolation Circuit 
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(b) Difference between Interpolation Signal and 
Original Video Signal 
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Table 4 (a) shows results obtained by switching and 
outputting an inter-frame interpolation signal and an 
intra-field interpolation signal depending on the results of 
the judgment by the motion detection circuit J3 shown in Table 
5 2 (b) . The switching circuit J6 outputs the signal generated 
by the inter-frame interpolation circuit J4 if the motion 
detection circuit J3 judges that the object pixel is a "still 
picture", while outputting the signal generated by the 
intra-field interpolation circuit J5 if it judges that the 

10 object pixel is a "moving picture". 

A hatched column in Table 4 (a) is a portion where the 
object pixel is judged to be a "moving picture". A column 
shown with "minus mark" in Table 4 (a) indicates that the 
interlaced video signal on the current line is outputted. 

15 Table 4 (b) shows the difference between the luminance 

value of a signal outputted on an interpolation line and the 
luminance value of an original video signal which has not been 
interlaced yet in Table 1 (a) . As can be seen from Table 4 
(a) , in the f 3-th field and the f5-th field, the difference 

20 in luminance is a value "90", which is very large. The value 
"90" is too large, in contrast with a value "255" which is 
the maximum of the luminance values of the signals. In a 
progressive video signal obtained by progressive conversion, 
the large difference in luminance value becomes large noise, 

25 and the large noise is recognized as significant degradation 

1 6 
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in picture quality. 

Thus, in the conventional motion adaptive progressive 
conversion apparatus, the motion detection circuit J3 easily 
judges that the object pixel is a "moving picture" when a 
5 picture slowly moves perpendicularly to the line direction, 
so that the picture quality thereof is liable to be degraded. 

Disclosure of Invention 

An object of the present invention is to make accurate 
10 motion judgment even in cases such as a case where a picture 
having a large luminance difference in the vertical direction 
slowly moves, to provide a moving picture which is stable and 
has a high resolution. 

A picture conversion apparatus according to an aspect 
15 of the present invention is a picture conversion apparatus 
that converts an inputted interlaced video signal into a 

progressive video signal, comprising a progressive signal 
generation circuit that generates a progressive signal by 
operation based on inputted interlaced video signal; a motion 

20 calculation circuit that calculates a motion amount in the 
vertical direction of a picture on the basis of progressive 
signal generated by progressive signal generation circuit; 
a still picture processing circuit that generates a still 
picture progressive signal by still picture processing from 

25 the inputted interlaced video signal; a moving picture 
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processing circuit that generates a moving picture 
progressive signal by moving picture processing from the 
inputted interlaced video signal; and an output circuit that 
outputs the still picture progressive signal outputted from 
the still picture processing circuit when the motion amount 
in the vertical direction calculated by the motion 
calculation circuit is smaller than a first value. 

In the picture conversion apparatus according to the 
present invention, the progressive signal are generated by 
the inputted interlaced video signal, and the motion amount 
in the vertical direction of the picture is calculated by the 
motion calculation circuit on the basis of the progressive 
signal. 

Furthermore, the still picture progressive signal is 
generated by the still picture processing circuit from the 
inputted interlaced video signal, and the moving picture 
progressive signal is generated by the moving picture 
processing circuit by the moving picture processing from the 
inputted interlaced video signal. When the motion amount in 
the vertical direction is smaller than the first value, the 
still picture progressive signal is outputted by the output 
circuit . 

In this case, the motion amount is calculated on the 
basis of the progressive signal. Accordingly, a more accurate 
and precise motion amount can be calculated. Even when a 

1 8 



picture having a large luminance value in the vertical 
direction slowly moves at a rate of not more than one line, 
therefore, an accurate motion amount can be calculated to 
judge the motion of the picture, thereby making it possible 
5 to provide a video which is stable and has a high resolution. 

The progressive signal generation circuit may include 
an interlace generation circuit that generates a plurality 
of interlaced video signals respectively corresponding to a 
plurality of successive fields on the basis of the inputted 

10 interlaced video signal, a first progressive circuit that 
generates a first progressive signal on the basis of a first 
combination of more than one of the plurality of interlaced 
video signals generated by the interlace generation circuit, 
and a second progressive circuit that generates a second 

15 progressive signal on the basis of a second combination, which 
differs from the first combination, of more than one of the 
plurality of interlaced video signals generated by the 
interlace generation circuit, and the motion calculation 
circuit may calculate the motion amount of a picture on the 

20 basis of the first progressive signal generated by the first 
progressive generation circuit and the second progressive 
signal generated by the second progressive generation 
circuit . 

In this case, the motion amount is calculated on the 
25 basis of the first progressive signal and the second 
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progressive signal. Accordingly, a more accurate and precise 
motion amount can be calculated. Even when a picture having, 
a large luminance value in the vertical direction slowly moves 
at a rate of not more than one line, therefore, an accurate 
5 motion amount can be calculated to judge the motion of the 
picture, thereby making it possible to provide a video which 
is stable and has a high resolution. 

The first value may be a value which is not more than 
the spacing between lines. In this case, when the motion 

10 amount in the vertical direction calculated by the motion 
calculation circuit is not more than the spacing between 
lines, the still picture progressive signal is outputted as 
a progressive video signal. Even when a picture having a large 
luminance value. in the vertical direction slowly moves, 

15 therefore, accurate motion judgment is made, thereby making 
it possible to convert the interlaced video signal into a 
progressive video which is stable and has a high resolution. 

The motion calculation circuit may calculate the motion 
amount in the vertical direction on the basis of a value 

20 smaller than the spacing between lines. In this case, 

accurate motion detection can be performed. Even when a 
picture having a large luminance value in the vertical 
direction slowly moves, therefore, accurate motion judgment 
is made, thereby making it possible to convert the interlaced 
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video signal into a progressive video which is stable and has 
a high resolution. 

The picture conversion apparatus may further comprise 
a first pixel generation circuit that generates interpolated 
pixels between lines by interpolation processing using the 
first progressive signal generated by the first progressive 
generation circuit, to output a first interpolation signal 
including pixels in the first progressive signal and the 
interpolated pixels, and a second pixel generation circuit 
that generates interpolated pixels between lines by 
interpolation processing using the second progressive signal 
generated by the second progressive generation circuit, to 
output a second interpolation signal including pixels in the 
second progressive signal and the interpolated pixels. The 
motion calculation circuit may calculate the motion amount 
of a picture on the basis of the first interpolation signal 
outputted from the first pixel generation circuit and the 
second interpolation signal outputted from the second pixel 
generation circuit . 

In this case, the first progressive signal is generated 
on the basis of the first combination of more than one of the 
plurality of interlaced video signals by the first 
progressive generation circuit, and the second progressive 
signal is generated on the basis of the second combination 
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of more than one of the plurality of interlaced video signals 
by the second progressive generation circuit. 

Furthermore, the first interpolation signal including 
the pixels in the first progressive siqnal and the 
5 interpolated pixels is outputted by the first pixel 

generation circuit, and the second interpolation signal 
including the pixels in the second progressive signal and the 
interpolated pixels is outputted by the second pixel 
generation circuit. The motion amount is calculated from the 

10 first interpolation signal and the second interpolation 
signal by the motion calculation circuit. 

When the interlaced video signal is converted into the 
progressive video signal, therefore, it is possible to 
increase, in the vertical direction in which more strict 

15 conversion precision is required, the precision, and to omit 
a circuit for newly generating pixels in the horizontal 
direction, so that the increase in the circuit scale can be 
suppressed. Therefore, it is possible to convert the 
interlaced video signal into a high-precision progressive 

20 video at low cost. 

The output circuit may output the moving picture 
progressive signal as the progressive video signal when the 
motion amount is larger than a second value. In this case, 
when the motion amount in the vertical direction calculated 

25 by the motion calculation circuit is larger than the second 
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value, the moving picture progressive signal outputted by the 
moving picture processing circuit is outputted as the 
progressive video signal from the output circuit. 

Even when the picture having a larqe luminance 
5 difference in the vertical direction slowly moves, therefore, 
accurate motion judgment is made, thereby making it possible 
to convert the interlaced video signal into a progressive 
video which is stable and has a high resolution. 

The output circuit may synthesize, when the motion 
10 amount is between the first value and the second value, the 
moving picture progressive signal and the still picture 
progressive signal at a ratio based on the motion amount, to 
output the synthesized signal as the progressive video 
signal . 

15 In this case, the progressive video signal is generated 

from the moving picture progressive signal and the still 
picture progressive signal depending on the motion amount. 
Therefore, it is possible to generate a progressive video 
signal having a high resolution whose picture quality is 

20 hardly degraded. 

The output circuit may set the ratio of the still picture 
progressive signal to not less than 0 . 5 when the motion amount 
is not more than the spacing between lines. In this case, 
the picture which greatly moves can be prevented from being 

25 erroneously operated, thereby making it possible to generate 
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a progressive video signal whose picture quality is hardly 
degraded . 

The plurality of interlaced video signals may include 
first to fourth interlaced video signals corresponding to 
5 successive first to fourth fields, the first combination of 
more than one of the plurality of interlaced video signals 
include the first to third interlaced video signals, and the 
second combination of more than one of the plurality of 
interlaced video signals include the second to fourth 

10 interlaced video signals. 

In this case, more accurate motion detection can be 
performed. Even when a picture having a large luminance 
difference in the vertical direction slowly moves, accurate 
motion judgment can be made, thereby making it possible to 

15 provide a video which is stable and has a high resolution. 

The first progressive signal generated by the first 
progressive generation circuit may be composed of a current 
line signal and an interpolation line signal, the current line 
signal composing the first progressive signal may be 

20 generated using the second interlaced video signal, the 

interpolation line signal composing the first progressive 
signal may be generated using a value obtained by operating 
the first interlaced video signal and the third interlaced 
video signal, the second progressive signal generated by the 

25 second progressive generation circuit may be composed of a 
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current line signal and an interpolation line signal, the 
current line signal composing the second progressive signal 
may be generated using the third interlaced video signal, and 
the interpolation line signal composing the second 
5 progressive signal may be generated using a value obtained 
by operating the second interlaced video signal and the fourth 
interlaced video signal. 

In this case, even if the interlaced video signals 
slightly move, the relative motion amounts are exerted on the 

10 interpolation line such that they are canceled by the 

operation of the first and third interlaced video signals or 
the operation of the second and third interlaced video 
signals. Even if a picture moves, therefore, it can be 
accurately judged whether the picture is a "still picture" 

15 or a "moving picture", and the picture quality thereof can 
be improved with high precision, thereby making it possible 
to provide a progressive video signal of a higher picture 
quality. 

The value obtained by operating the first interlaced 
20 video signal and the third interlaced video signal may be a 
value obtained by operating corresponding pixels and pixels 
peripheral thereto in the first and third interlaced video 
signals, and the value obtained by operating the second 
interlaced video signal and the fourth interlaced video 
25 signal may be a value obtained by operating corresponding 
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pixels and pixels peripheral thereto in the second and fourth 
interlaced video signals. 

In this case, the value obtained by operating the 
corresponding pixels and the pixels peripheral thereto in the 
plurality of interlaced video signals is used. Accordingly, 
the first progressive signal and the second progressive 
signal which have higher tolerance for noise and have higher 
precision can be generated, thereby making it possible to 
perform higher-precision motion detection. 

The value obtained by operating the first interlaced 
video signal and the third interlaced video signal may be the 
average of the values of the corresponding pixels in the first 
and third interlaced video signals, and the value obtained 
by operating the second interlaced video signal and the fourth 
interlaced video signal may be the average of the values of 
the corresponding pixels in the second and fourth interlaced 
video signals. 

In this case, the operation can be very easily performed 
because the average is taken, so that the scale of an operation 
circuit can be kept small. Consequently, it is possible to 
provide the picture conversion apparatus at low cost. 

The motion calculation circuit may compare the values 
of respective object pixels in the first progressive signal 
generated by the first progressive generation circuit and the 
second progressive signal generated by the second progressive 



generation circuit and compare the values of the object pixels 
and pixels peripheral thereto, and output the respective 
results of the comparison as motion amounts. 

In this case, the motion calculation circuit compares 
5 not only the target pixels but also the pixels peripheral 
thereto, thereby making it possible to perform motion 
detection with higher precision. 

The motion calculation circuit may operate the value of 
an object pixel in the interpolation line signal composing 

10 the second progressive signal, the value of a pixel, which 
corresponds to the object pixel, in the current line signal 
composing the first progressive signal, and the values of 
pixels in interpolation line signals above and below the pixel 
in the current line signal, and output, the result of the 

15 operation as a motion amount, and/or operate the value of an 
object pixel in the interpolation line signal composing the 
first progressive signal, the value of a pixel, which 
corresponds to the object pixel, in the current line signal 
composing the second progressive signal, and the values of 

20 pixels in interpolation line signals above and below the pixel 
in the current line signal, to output the result of the 
operation as a motion amount. 

In this case, the operation for operating the motion 
amount is limited to the object pixels in the two progressive 

25 signals and the pixels in the interpolation lines above and 
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below the object pixel. Accordingly, the amount of operation 
can be kept small, thereby making it possible to reduce the 
cost . 

The picture conversion apparatus may further comprise 
a pixel generation circuit that generates interpolated pixels 
between lines by interpolation processing using the first 
progressive signal generated by the first progressive 
generation circuit, to output a first interpolation signal 
including pixels in the first progressive signal and the 
interpolated pixels. The motion calculation circuit may 
calculate the motion amount in the vertical direction of the 
picture on the basis of the first interpolation signal 
outputted from the first pixel generation circuit and the 
second progressive signal generated by the second progressive 
generation circuit. 

In this case, the motion amount in the vertical 
direction of the picture is calculated on the basis of the 
first interpolation signal outputted from the first pixel 
generation circuit and the second progressive signal 
generated by the second progressive generation circuit, so 
that higher-precision motion detection can be performed, 
thereby making it possible to generate a progressive video 
field signal having a high resolution whose picture quality 
is hardly degraded. 
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When the interlaced video signal is converted into the 
progressive video signal, it is possible to increase, in the 
vertical direction in which more strict conversion precision 
is required, the precision, and to omit a circuit for newly 
5 generating pixels in the horizontal direction, so that the 
increase in the circuit scale can be suppressed. Therefore, 
it is possible to convert the interlaced video signal into 
a high-precision progressive video at low cost. 

The picture conversion apparatus may further comprise 

10 a judgment circuit that respectively calculates the averages 
of the values of object pixels and pixels peripheral thereto 
in the plurality of interlaced video signals corresponding 
to the plurality of fields, to judge whether the still picture 
progressive signal is adaptive or non-adaptive on the basis 

15 of the calculated averages. The output circuit may output 
the moving picture progressive signal as the progressive 
video signal when the result of the judgment by the judgment 
circuit is non-adaptive. 

In this case, it is judged whether the still picture 

20 progressive signal is adaptive or non-adaptive by the 

judgment circuit on the basis of the average of the values 
of the object pixels in the plurality of interlaced video 
signals corresponding to the plurality of fields and the 
pixels peripheral thereto, and the moving picture progressive 

25 signal is outputted as the progressive video signal when the 
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result of the judgment by the judgment circuit is non- 
adaptive . 

Consequently, the picture having flicker properties, 
for example, the picture including continuous flashing of a 
5 camera, for example, can be prevented from being erroneously 
still processed, thereby making it possible to generate a 
progressive video signal of a higher precision. 

Furthermore, the non-adaptive region detection circuit 
detects the respective averages of the object pixels and the 

10 pixels peripheral thereto in the plurality of interlaced 
video signals corresponding to the plurality of fields. As 
a result, the circuit scale can be made relatively small. 

The judgment circuit respectively calculates the 
maximums and the minimums of the values of the object pixels 

15 and the pixels peripheral thereto in the plurality of 

interlaced video signals corresponding to the plurality of 
fields, to judge whether the still picture progressive signal 
is adaptive or non-adaptive on the basis of the calculated 
averages, maximums, and minimums. 

20 In this case, it is judged whether the still picture 

progressive signal is adaptive or non-adaptive on the basis 
of the averages, the maximums, and the minimums of the values 
of the object pixels and the pixels peripheral thereto in the 
plurality of interlaced video signals corresponding to the 

25 plurality of fields. Consequently, it is more accurately 
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judged whether the still picture progressive signal is 
adaptive or non-adaptive. 

The judgment circuit may judge whether the still picture 
progressive signal to be non-adaptive when the respective 
5 differences between the calculated averages are larger than 
a predetermined value, and the difference between the maximum 
and minimum in the same field is smaller than the 
predetermined value . 

In this case, it is more accurately judged whether the 

10 still picture progressive signal to be non-adaptive. 

A picture conversion method according to another aspect 
of the present invention is a picture conversion method in 
which an inputted interlaced video signal is converted into 
a progressive video signal, comprising the steps of 

15 generating a progressive signal by operation based on the 
inputted interlaced video signal; calculating a motion amount 
in the vertical direction of a picture on the basis of the 
generated progressive signal; generating a still picture 
progressive signal by still picture processing from the 

20 inputted interlaced video signal; generating a moving picture 
progressive signal by moving picture processing from the 
inputted interlaced video signal; and outputting the still 
picture progressive signal when the calculated motion amount 
in the vertical direction is smaller than a first value. 
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In the picture conversion method according to the 
present invention, a progressive signal are generated by 
operation based on the inputted interlaced video signal, and 
the motion amount in the vertical direction of the picture 
5 is calculated on the basis of the progressive signal. 

Furthermore, the still picture progressive signal is 
generated by the still picture processing from the inputted 
interlaced video signal, and the moving picture progressive 
signal is generated by the moving picture processing from the 

10 inputted interlaced video signal. When the motion amount in 
the vertical direction is smaller than the first value, the 
still picture progressive signal is outputted. 

In this case, the motion amount is calculated on the 
basis of the progressive signal, so that a more accurate and 

15 precise motion amount can be calculated. Even when a picture 
having a large luminance value in the vertical direction 
slowly moves at a rate of not more than one line, therefore, 
the accurate motion amount can be calculated to judge the 
motion of the picture, thereby making it possible to provide 

20 a video which is stable and has a high resolution. 

The step of generating a progressive signal may include 
the steps of generating a plurality of interlaced video 
signals respectively corresponding to a plurality of 
successive fields on the basis of the inputted interlaced 

25 video signal, generating a first progressive signal on the 
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basis of a first combination of more than one of the generated 
plurality of interlaced video signals, and generating a 
second progressive signal on the basis of a second 
combination, which differs from the first combination, of 
5 more than one of the plurality of generated interlaced video 
signals, and the step of calculating a motion amount may 
include the step of calculating the motion amount of a picture 
on the basis of the generated first progressive signal and 
the generated second progressive signal. 

10 In this case, the motion amount is calculated on the 

basis of the first progressive signal and the second 
progressive signal, so that a more accurate and precise motion 
amount can be calculated. Even when a picture having a large 
luminance value in the vertical direction slowly moves at a 

15 rate of not more than one line, therefore, the accurate motion 
amount can be calculated to judge the motion of the picture, 
thereby making it possible to provide a video which is stable 
and has a high resolution. 

20 Brief Description of Drawings 

Fig. 1 is a block diagram showing a picture conversion 
apparatus according to a first embodiment of the present 
invention; 

Fig. 2 (a) is a diagram showing an example of the 
25 configuration of the inside of a first progressive video 
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generation circuit, and Fig. 2 (b) is a diagram showing an 
example of the configuration of the inside of a second 
progressive video generation circuit; 
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the inside of a 


comparison circuit; 




Fig. 4 i 


s a 


diagram showing 
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Fig. 7 is a block diagram showing a picture conversion 
apparatus according to a second embodiment; 
15 Fig. 8 (a) is a diagram showing the configuration of a 

first video signal generation circuit 10, and Fig. 8 (b) is 
a diagram showing the configuration of a second video signal 
generation circuit ; 

Fig. 9 is a block diagram showing the internal 
20 configuration of a comparison circuit; 

Fig. 10 is a diagram showing an example of the internal 
configuration of an output circuit; 

Fig. 11 is a block diagram showing the configuration of 
a picture conversion apparatus according to a third 
25 embodiment; 
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Fig. 12 is a block diagram showing another example of 
a non-adaptive region detection circuit; 

Fig. 13 is a block diagram showing still another example 
of a non-adaptive region detection circuit; 
5 Fig. 14 is a diagram showing the form of an interlaced 

video signal; 

Fig. 15 is a block diagram showing the configuration of 
a conventional motion adaptive progressive conversion 
apparatus ; 

10 Fig. 16 is a diagram showing an example of a picture 

whose luminance changes in a sine wave manner in the vertical 
direction; 

Fig. 17 is a diagram showing an original video signal 
which has not been converted yet into an interlaced video 
15 signal yet ; and 

Fig. 18 is a diagram showing a superimposition of video 
signals obtained by shifting an interlaced video signal a half 
line at a time for each field. 

20 Best Mode for Carrying Out the Invention 

Description is now made of a picture conversion 
apparatus according to the present invention. Although in 
the following description, a video signal corresponds to a 
luminance signal, a chrominance signal can be also subjected 

25 to the same processing. The present invention is not limited 
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to this example. Even when color display is performed, the 
same effect can be obtained with respect to an RGB (red, green, 
blue) signal by performing processing for each color in the 
following manner. 
5 (First Embodiment) 

Fig. 1 is a block diagram showing a picture conversion 
apparatus 100 according to a first embodiment of the present 
invention. The picture conversion apparatus 100 shown in Fig. 
1 comprises a first one-field delay circuit 1, a second 

10 one-field delay circuit 2, a third one-field delay circuit 
3, a first progressive video generation circuit 4, a second 
progressive video generation circuit 5, a comparison circuit 
6, an inter-frame interpolation circuit 7, an intra-field 
interpolation circuit 8, and an output circuit 9. Further, 

15 the picture conversion apparatus 100 comprises a timing 

generation circuit (not shown) for generating a timing signal 
required for each block upon receipt of a signal which is 
synchronized with an interlaced video signal VI and a signal 
corresponding thereto . 

20 The operations of the picture conversion apparatus 100 

will be described below. First, the interlaced video signal 
VI is successively delayed by the first one-field delay 
circuit 1, the second one-field delay circuit 2, and the third 
one-field delay circuit 3 which are continuously connected. 

25 Consequently, an interlaced video signal a delayed by one 
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field, an interlaced video signal b delayed by two fields, 
and an interlaced video signal c delayed by three fields are 
respectively generated. Consequently, the four interlaced 
video signals successively delayed field by field are 
5 generated. 

Each of the four interlaced video signals is composed 
of a first odd field signal, a first even field signal, a 
second odd field signal, and a second even field signal, or 
is composed of a first even field signal, a first odd field 

10 signal, a second even field signal, and a second odd field 
signal. Two fields composing the interlaced video signal 
constitute all scanning lines on a screen. Therefore, one 
of the fields and the other field are respectively herein 
referred to as an odd field and an even field. 

15 The interlaced video signals a, b, and c are fed to the 

first progressive video generation circuit 4 . The first 
progressive video generation circuit 4 generates a 
progressive video field signal PI from the signals, and feeds 
the generated first progressive video field signal PI to the 

20 comparison circuit 6. Further, the interlaced video signals 
VI, a, and b are fed to the second progressive video generation 
circuit 5. The second progressive video generation circuit 
5 generates a progressive video field signal P2 from the 
signals, and feeds the generated second progressive video 

25 field signal P2 to the comparison circuit 6. 
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The comparison circuit 6 compares the progressive video 
field signal PI and the progressive video field signal P2 to 
operate motion amount information M, and feed the operated 
motion amount information M to the output circuit 9. 

The interlaced video signal VI and the interlaced video 
signal b are fed to the inter-frame interpolation circuit 7. 
The inter-frame interpolation circuit 7 generates an 
inter-frame interpolation signal Fl by fame interfield 
interpolation performed between a field and a field which is 
two fields preceding or succeeding the field on a time basis. 

Furthermore, the interlaced video signal a is fed to the 
intra-field interpolation circuit 8. The intra-field 
interpolation circuit 8 generates an inter-frame 
interpolation signal F2 by intra-field interpolation from the 
interlaced video signal a, and outputs the generated signal 
to the output circuit 9. 

The output circuit 9 outputs a progressive video signal 
V2 generated by changing for each pixel the ratio of the 
inter-frame interpolation signal Fl to the intra-field 
interpolation signal F2 depending on the motion amount 
information M. When the motion amount information M is small, 
the probability of a still picture is high. Accordingly, the 
output circuit 9 generates the progressive video signal V2 
such that the ratio of the inter-frame interpolation signal 
Fl becomes higher. 
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The picture conversion apparatus 100 according to the 
present embodiment generates the progressive video field 
signal P2 from the first to third interlaced video signals 
out of the four interlaced video signals successively delayed 
5 field by field, and generates the progressive video field 
signal PI from the second to fourth interlaced video signals. 

The picture conversion apparatus 100 can then compare 
the progressive video field signal PI and the progressive 
video field signal P2, and output the results of the 

10 comparison as motion amount information M. Consequently, the 
picture conversion apparatus 100 can make accurate motion 
judgment. Even in cases such as a case where a picture having 
a large luminance difference in the vertical direction slowly 
moves, therefore, the picture conversion apparatus 100 can 

15 make accurate motion judgment, thereby making it possible to 
provide a progressive video signal which is stable and has 
a high resolution. 

The effect of the present invention will be described 
using an example of operations in a case where a picture, whose 

20 picture quality has been degraded in the prior art, changing 
in luminance in a sine wave manner in the vertical direction 
shown in Fig. 16 slowly moves in the vertical direction, as 
shown in Fig . 18 . 

The value of an original video signal and the value of 

25 a video signal which has already been sampled as an interlaced 



3 9 



video signal are shown in Table 5 (a) and Table 5 (b) , as in 
Table 1 (a) and Table 1 (b) in the prior art. Table 5 (a) 
and Table 5 (b) show nine fields from the f 1-th field to the 
f9-th field. 



Table 5 

Relationship Between Line and Sampled Value in Each Field 
(a) Value of Original Video Signal 
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5 (b) Value of Sampled Video Signal 
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Table 5 (a) shows a value on each line in each field in 
the original video signal, and Table 5 (b) shows a value on 
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each line in each field in the video signal which has already 
been sampled as the interlaced video signal. Generally, the 
interlaced video signal shown in Table 5 (b) is successively 
transmitted for each field. Even in Fig. 1, the interlaced 
5 video signal shown in Table 5 (b) is successively fed for each 
.field as the interlaced video signal VI to the picture 
conversion apparatus 100. 

The interlaced video signal VI is fed to the first 
one-field delay circuit 1, the second one-field delay circuit 

10 2, and the third one-field delay circuit 3. The first 
progressive video generation circuit 4 and the second 
progressive video generation circuit 5 respectively generate 
the progressive video field signal PI and the progressive 
video field signal P2 by interpolation processing. The 

15 operations will be described in detail below. 

Fig. 2 (a) illustrates an example of the configuration 
of the inside of the second progressive video generation 
circuit 4, and Fig. 2 (b) illustrates an example of the 
configuration of the inside of the first progressive video 

20 generation circuit 5. 

The interlaced video signal VI, the interlaced video 
signal a, and the interlaced video signal b shown in Fig. 1 
are respectively fed to an input terminal 501, an input 
terminal 502, and an input terminal 503 shown in Fig. 2 (a) . 
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The interlaced video signal a, the interlaced video 
signal b, and the interlaced video signal c shown in Fig. 1 
are respectively fed to an input terminal 401, an input 
terminal 402, and an input terminal 403 shown in Fiq. 2 (b) . 
5 The second progressive video generation circuit 5 shown 

in Fig. 2 (a) comprises one-clock delay circuits 504 to 508, 
multiplication circuits 509 to 514, an addition circuit 515, 
and a switching circuit 516. 

The first progressive video generation circuit 4 shown 
10 in Fig. 2 (b) comprises one-clock delay circuits 404 to 408, 
multiplication circuits 409 to 414, an addition circuit 415, 
and a switching circuit 416. 

The multiplication circuits 409, 411, 412, 414, 509, 
511, 512, and 514 respectively perform 1/8 multiplication, 
15 and the multiplication circuits 410, 413, 510, and 513 
respectively perform 1/4 multiplication. 

The addition circuit 415 adds signals outputted from the 
multiplication circuits 409 to 414. Similarly, the addition 
circuit 515 adds signals outputted from the multiplication 
20 circuits 509 to 514. 

By such a configuration, in the first progressive video 
generation circuit 4, the interlaced video signals a and c 
are averaged after being respectively filtered in the 
horizontal direction, and are fed to the addition circuit 415. 
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The switching circuit 416 outputs the interlaced video 
signal b which is delayed by one field in the one-clock delay 
circuit 406 if the interlaced video signal b is a signal on 
a current line, while outputting a signal generated by the 
5 addition circuit 415 if the interlaced video signal b is a 
signal on an interpolation line on the basis of a signal Kl 
fed from a timing generation circuit (not shown) . 

Similarly, in the second progressive video generation 
circuit 5, the interlaced video signals VI and b are averaged 
10 after being respectively filtered in the horizontal 
direction, and are fed to the addition circuit 515. 

The switching circuit 516 outputs a signal obtained by 
delaying the interlaced video signal a by one field in the 
one-clock delay circuit 506 if the interlaced video signal 
15 a is a signal on a current line, while outputting a signal 
generated by the addition circuit 515 if the interlaced video 
signal a is a signal on an interpolation line on the basis 
of a signal K2 fed from a timing generation circuit (not 
shown) . 

20 Furthermore, filtering processing and addition 

processing performed inside the first progressive video 
generation circuit 4 and the second progressive video 
generation circuit 5 correspond to an operation of 
corresponding pixels and pixels peripheral thereto in the 

25 first field and the third field on the interpolation line or 



an operation of corresponding pixels and pixels peripheral 
thereto in the second field and the fourth field on the 
interpolation line. Particularly in this case, an average 
value is calculated. 

If the average value is used, a complicated operation 
can be simplified, so that the circuit scale can be reduced. 
However, the present invention is not limited to the same. 
For example, interpolation processing can be also performed 
by changing a size contribution by each of the fields in 
consideration of respective weights in the fields. 

Table 6 (a) and Table 6 (b) respectively show the signals 
outputted from the first progressive video generation circuit 
4 and the second progressive video generation circuit 5 by 
such operations. 



Table 6 

Output of Progressive Video Production Circuit 
(a) Example of Output of First Progressive 
Video Production Circuit 4 




(b) Example of Output of Second Progressive Video 
Production Circuit 5 
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In Table 6 (a) and Table 6 (b) , a hatched column is a 
portion found as an interpolation line by an operation. 
Further, it is assumed that there is no effect in the 
horizontal direction because signals having the same value 
5 are continued in the horizontal direction as to an example 
of the operation. 

Of course, the actual picture conversion apparatus 100 
performs a filtering operation in the horizontal direction, 
thereby making it possible to reduce the effect of noise or 
10 the like. 

A value on the L-th line in the f 4-th field shown in Table 
6 (a) is calculated in the following manner. For example, 
description is made of a case where a signal in the f 4-th field 
is fed as the interlaced video signal VI to the picture 

15 conversion apparatus 100. Since no signal is transmitted on 
the L-th line in the f4-th field, as shown in Fig. 5 (b), 
interpolation processing must be performed. When the signal 
in the f4-th field is inputted as the- interlaced video signal 
VI, a signal in the fl-th field is outputted from the third 

20 one-field delay circuit 3, a signal in the f2-th field is 
outputted from the second one-field delay circuit 2, and a 
signal in the f3-th field is outputted from the first 
one-field delay circuit 1. 

At this time, an interpolation line in the progressive 

25 video field signal PI is operated from the respective values 
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on a current line of the signal in the fl-th field outputted 
from the third one-field delay circuit 3 and the signal in 
the f3-th field outputted from the first one-field delay 
circuit 1. In this case, an average value (or a value close 
5 to the average value) is operated. 

Consequently, the value on the L-th line in the f4-th 
field is a value "128" found by rounding an average 
" (218 + 37) /2 = 127. 5" of a value "218" on the L-th line in the 
fl-th field and a value "37" on the L-th line in the f3-th 

10 field in Table 5 (a) to the nearest whole number. Similarly, 
signals on respective interpolation lines are found. A column 
shown with "minus mark" in Table 6 (a) is not given a value 
because the value is not found by only Table 5 (b) . 

A value on the L-th line in the f 3-th field shown in Table 

15 6 (b) is calculated in the following manner. When a signal 
in the f3-th field is fed as the interlaced video signal VI 
to the picture conversion apparatus 100, a signal in the fl-th 
field is outputted from the second one-field delay circuit 
2, and a signal in the f2-th field is outputted from the first 

20 one-field delay circuit 1. 

At this time, an interpolation line in the progressive 
video field signal P2 is operated from the respective values 
on a current line of the signal in the fl-th field outputted 
from the second one-field delay circuit 2 and the signal in 

25 the f3-th field which is the interlaced video signal VI. In 
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this case, an average value (or a value close to the average 
value) is operated. 

Consequently, the value on the L-th line in the f4-th 
field is a value "128" found by rounding an average 
5 " (218 + 37) /2=127 . 5" of a value "218" on the L-th line in the 
fl-th field and a value "37" on the L-th line in the f3-th 
field shown in Table 5 (a) to the nearest whole number. 
Similarly, signals on respective interpolation lines are 
found. 

10 The operations of the comparison circuit 6 will be then 

described in detail. Fig. 3 illustrates an example of the 
configuration of the inside of the comparison circuit 6. 

As shown in Fig. 3, the progressive video field signal 
P2 is fed to an input terminal 601, and a progressive video 

15 field signal PI is fed to an input terminal 602. 

The comparison circuit 6 comprises one-line delay 
circuits 603 to 605, multiplication circuits 606 to 608, 
addition circuits 609 and 610, subtraction circuits 611 to 
613, and a minimum value selection circuit 614. 

20 The progressive video field signal P2 fed to the input 

terminal 601 is fed to the one-line delay circuit 603. The 
progressive video field signal PI fed to the input terminal 
602 is fed to the one-line delay circuit 604. A signal 
outputted from the one-line delay circuit 604 is fed to the 

25 one-line delay circuit 605. 
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The multiplication circuit 606 multiplies a signal 
outputted from the one-line delay circuit 605 by one-half, 
the multiplication circuit 607 multiplies a signal outputted 
from the one-line delay circuit 604 by one-half, and the 
multiplication circuit 608 multiplies the progressive video 
field signal PI by one-half. 

The addition circuit 609 adds signals outputted from the 
multiplication circuits 606 and 607 together, and the 
addition circuit 610 adds the signals outputted from the 
multiplication circuits 607 and 608 together. 

The subtraction circuit 611 finds a value obtained by 
subtracting the signal outputted from the one-line delay 
circuit 603 and the signal outputted from the addition circuit 
609, and outputs the absolute value of the value. The 
subtraction circuit 612 finds a value obtained by subtracting 
the signal outputted from the one-line delay circuit 603 and 
the signal outputted from the one-line delay circuit 604, and 
outputs the absolute value of the value. The subtraction 
circuit 613 finds a value obtained by subtracting the signal 
outputted from the one-line delay circuit 603 and the signal 
outputted from the addition circuit 610, and outputs the 
absolute value of the value. 

The minimum value selection circuit 614 selects the 
minimum of the values of the signals outputted from the 
subtraction circuits 611 to 613. The signal outputted from 
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the minimum value selection circuit 614 is outputted from an 
output terminal 615 as an output signal from the comparison 
circuit 6. 

This operation is performed, when an interpolation line 
5 generated by the second progressive video generation circuit 
5 is fed to the input terminal 601, between a pixel on the 
interpolation line and a corresponding pixel in the 
progressive video field signal PI fed to the input terminal 
602. That is, the operation corresponds to an operation for 

10 comparing the values of corresponding pixels in the 

progressive video field signal PI and the progressive video 
field signal P2 and comparing for each pixel the values of 
the corresponding pixels and pixels peripheral thereto, to 
output the respective results of the comparison as the motion. 

15 amount information M . 

The results of the comparison operation are shown in 
Table 7 (a). In Table 7, a vertical column of lines and a 
horizontal column of fields show the timing of the interlaced 
video signal a outputted from the first one-field delay 

20 circuit 1. 
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Table 7 

Results of Comparison Operation 

(a) Example of Output of Operation Circuits 611, 612, 613 




(b) Example of Output of Second Progressive Video 
Production Circuit 5 
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For example, an operation in a case where a value on the 
(L+2)-th line in the f4-th field is fed to the comparison 
circuit 6 is as follows. A value "191" which is a value on 
the (L + l)-th line in the f4-th field in the progressive video 
5 field signal P2 is inputted to the subtraction circuit 611 
in this case. 

An average "191.5" of a value "128" on the L-th line and 
a value "255" on the (L+l)-th line in the f4-th field in the 
progressive video field signal PI is found from the 

10 multiplication circuits 607 and 608 and the addition circuit 
610, and the nearest whole number "191" is fed to the 
subtraction circuit 611. Consequently, the subtraction 
circuit 611 outputs the absolute value "0" of a value obtained 
by the subtraction of the values fed thereto. 

15 Furthermore, the value "191" on the (L + l)-th line in the 

f4-th field in the progressive video field signal P2 and the- 
value "255" on the (L+l)-th line in the f4-th field in the 
progressive video field signal PI are fed to the subtraction 
circuit 612. Consequently, the subtraction circuit 612 

20 outputs an absolute value "64" of a value obtained by the 
subtraction of the values fed thereto. 

Furthermore, the value "191" on the (L+l)-th line in the 
f4-th field in the progressive video field signal P2 is fed 
to the subtraction circuit 613. Further, an average "191" 

25 of the value "255" on the (L + l)-th line and the value "128" 



on the (L+2)-th line in the f4-th field in the progressive 
video field signal PI is fed to the subtraction circuit 613. 
Consequently, the subtraction circuit 613 outputs the 
absolute value "0" of a value obtained by the subtraction of 
5 the values fed thereto. 

The results of the three operations are given as the 
values "0", "64", and "0" in a column of the (L+l)-th line 
in the f4-th field shown in Table 7 (a). Similarly, the 
results of the operations from the subtraction circuits 611 

10 to 613 are given in each of hatched columns of interpolation 
lines shown in Table 7 (a) . 

Table 7 (b) shows the minimum of the values fed from the 
subtraction circuits 611 to 613. In a column of the (L+l)-th 
line in the f4-th field, for example, the minimum "0" of the 

15 values "0", "64", and "0" which are the output signals from 
the subtraction circuits 611 to 613 is selected and is given. 

Although an example of the above-mentioned operation as 
the operations of the comparison circuit 6 is thus 
illustrated, the operation of the comparison circuit 6 is not 

20 limited to the foregoing. For example, the operation may be 
further performed in consideration of values on peripheral 
lines. In the case, an operation of pixels and pixels 
peripheral thereto can be performed. Accordingly, the 
comparison circuit 6 can perform higher-precision 
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comparison, and can be so configured as to have tolerance for 
noise or the like. 

The picture conversion apparatus 100 according to the 
present embodiment operates, with respect to a pixel on an 
5 interpolation line in the progressive video field signal P2, 
the differences between the value of a corresponding pixel 
on the current line in the progressive video field signal PI 
and the values of pixels on the interpolation lines above and 
below the current line, to find the motion amount information 

10 M. Contrary to this, however, the picture conversion 
apparatus 100 may find, with respect to a pixel on the 
interpolation line in the progressive video field signal PI, 
the differences between the value of a corresponding pixel 
on the current line in the progressive video field signal P2 

15 and the values of pixels on the interpolation lines above and 
below the current line, to find the motion amount information 
M. Both configurations may be combined with each other. 

The operations of the inter-frame interpolation circuit 
7 and the intra-field interpolation circuit 8 will be then 

20 described in detail. 

Fig. 4 illustrates an example of the configuration of 
the inside of the inter-frame interpolation circuit 7, and 
Fig. 5 illustrates an example of the configuration of the 
intra-field interpolation circuit 8. 
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As shown in Fig. 4, the inter-frame interpolation 
circuit 7 comprises 1/2 multiplication circuits 703 and 704 
and an addition circuit 705. 

The interlaced viHro signal VI shown in Fig. 1 is fed 
5 to an input terminal 701 of the inter-frame interpolation 
circuit 7. The interlaced video signal b is fed to an input 
terminal 702 of the inter-frame interpolation circuit 702. 

The interlaced video signals VI and b fed to the 
inter-frame interpolation circuit 7 are respectively 
10 multiplied by one-half in the multiplication circuits 703 and 
704 , and are then added together in the addition circuit 705, 
and the result of the addition is outputted as the inter- 
frame interpolation signal Fl from an output terminal 706. 

Furthermore, the inter-frame interpolation circuit 7 is 
15 subjected to timing control by a signal from a timing 

generation circuit (not shown) and is operated to operate an 
interpolation line in a field to be paid attention to 
(hereinafter referred to as an object field). 

As shown in Fig. 5, the intra-field interpolation 
20 circuit 8 comprises a one-line delay circuit 802, 1/2 

multiplication circuits 803 and 804, and an addition circuit 
805. 

The interlaced video signal a shown in Fig. 1 is fed to 
an input terminal 801 of the intra-field interpolation 
25 circuit 8. The interlaced video signal a is fed to the 
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one-line delay circuit 802 and the multiplication circuit 
804 . The multiplication circuit 803 multiplies the fed signal 
by one-half, and then feeds the result of the multiplication 
to the addition circuit 805. The multiplication circuit 804 
multiplies the fed signal by one-half, and then feeds the 
result of the multiplication to the addition circuit 805. 

The addition circuit 805 adds the fed signals, and 
outputs the result of the addition as an inter-frame 
interpolation signal F2 from an output terminal 806. 

Similarly to the inter-frame interpolation circuit 7, 
the intra-field interpolation circuit 8 is subjected to 
timing control by a signal from a timing generation circuit 
(not shown) and is operated to operate an interpolation line 
in an object field. 

Examples of output signals of the inter-frame 
interpolation circuit 7 and the intra-field interpolation 
circuit 8 are respectively shown in the following. 



Table 8 

Example of Output of Interpolation Circuit 
(a) Example of Output of Inter-frame Interpolation 
Circuit 7 




(b) Example of Output of Field Intra-field 
Interpolation Circuit 8 
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Table 8 (a) shows the signal outputted from the 
inter-frame interpolation circuit 7, and Table 8 (b) shows 
the signal outputted from the intra-field interpolation 
circuit 8. In Table 8, values in hatched columns are the 
5 values of signals on an interpolation line in an object field, 
and the values are operated. Table 8 shows values obtained 
by interpolation processing at the timing of the interlaced 
video signal a . 

For example, a value in a column of. the L-th line in the 

10 f3-th field in Table 8 (a) is as follows. That is, a value 
in a case where the interlaced video signal a is on the L-th 
line in the f3-th field is found as follows. 

In this case, a value x> 37" on the L-th line in the f3-th 
field in the interlaced video signal VI (see Table 5 (b) ) is 

15 fed to the input terminal 701 of the inter-frame interpolation 
circuit 7. Further, a value "218" on the L-th line in the 
fl-th field of the interlaced video signal b is fed to the 
input terminal 702 of the inter-frame interpolation circuit 
7. The inter-frame interpolation circuit 7 multiplies the 

20 fed values by one-half, respectively, in the multiplication 
circuits 703 and 704, and adds the respective values obtained 
by the multiplication in the addition circuit 705, to find 
the whole number "128" nearest to a value "127.5" obtained 
by the addition. In the same way, respective values in the 

25 other hatched columns are operated. 



An example of the intra-field interpolation signal F2 
outputted from the intra-field interpolation circuit 8 is 
then shown in Table 8 (b) . Table 8 (b) shows values obtained 
by interpolation processing at the timing of the interlaced 
5 video signal a. A value obtained by subjecting the interlaced 
video signal a to interpolation processing on the (L+l)-th 
line in the f3-th field will be described as an example. 

When a signal on the (L+l)-th line in the f*3-th field 
is the interlaced video signal a, a value "0" on the (L+3)-th 

10 line in the f2-th field which is an output from the first 
one-field delay circuit 1 is inputted to the intra-field 
interpolation circuit 8 . At this time, a value on a line which, 
is one or more lines preceding a current line, that is, a value 
"255" on the (L-fl)-th line in the f2-th field is outputted 

15 from the one-line delay circuit 802, and is multiplied by 
one-half in the multiplication circuit 803. Further, a value 
"0" on the (L+3)-th line in the f2-th field is multiplied by 
one-half in the multiplication circuit 804, and the result 
of the multiplication is outputted. 

20 The intra-field interpolation circuit 8 adds the 

signals fed from the multiplication circuits 803 and 804 in 
the addition circuit 805, to find "128" which is the whole 
number nearest to a value "127.5" obtained by the addition 
as a value obtained by intra-field interpolation. Similarly, 

25 respective values in the other hatched columns are operated. 
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The operations of the output circuit 9 will be then 
described in detail. Fig. 6 illustrates an example of the 
configuration of the inside of the output circuit 9. 

As shown in Fig. 6, the output circuit 9 comprises a 
5 ratio operation circuit 905, multiplication circuits 906 and 
907, an addition circuit 908, and a switching circuit 909. 

Here, Ot indicates a ratio value operated by the ratio 

operation circuit 905, which is a numerical value of not less 

than zero nor more than one. The multiplication circuit 907 
10 is a a -times multiplication circuit, and the multiplication 

circuit 906 is a (1-a) -times multiplication circuit. 

The inter-frame interpolation signal Fl is fed to an 

input terminal 901, and the intra-field interpolation signal 

F2 is fed to an input terminal 902. Further, the interlaced 
15 video signal a is fed to an input terminal 904, and a value 

corresponding to the motion amount information M is fed to 

an input terminal 903. 

The ratio operation circuit 905 is a ratio operation 

circuit for operating the ratio of a still picture and a moving 
20 picture which are outputted from the output circuit 9 

depending on the motion amount information M fed from the 

input terminal 903. 

The ratio operation circuit 905 specifies the ratio 

value a which is a factor for determining the ratio of the 
25 inter-frame interpolation signal Fl to the intra-field 
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interpolation signal F2 depending on the motion amount 
information M fed from the input terminal 903. For example, 

the ratio value a is determined as " a = 0" when the motion 
amount information M outputted from the comparison circuit 

5 6 satisfies 0 ^ M < 10, " a = 0.2" when it satisfies 10 ^ 
M < 20, "a = 0.5" when it satisfies 20 ^ M < 30, and x> a = 
1" when it satisfies 30 ^ M. The output circuit 9 thus carries 
out control such that the smaller the motion amount 

information M is, the lower the ratio value ot becomes. 

10 The multiplication circuits 906 and 907 respectively 

multiply the signals, which are respectively inputted from 
the input terminals 901 and 902, outputted from the 
inter-frame interpolation circuit 7 and the intra-field 
interpolation amount 8, and the addition circuit 908 adds the 

15 respective results of the multiplication. 

Consequently, control can be carried out such that the 
smaller the motion amount information M is, the higher the 
ratio of the output of the inter-frame interpolation circuit 
7 becomes. 

20 The switching circuit 909 switches the interlaced video 

signal a fed to the input terminal 904 and a signal fed from 
the addition circuit 908. The switching circuit 909 can 
perform switching so as to output the interlaced video signal 
a if a signal in an object field is a signal on a current line, 
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while outputting the signal outputted from the addition 
circuit 908 if it is a signal on an interpolation line. 

The motion amount information M shown in Table 7 (b) is 
inputted to the input terminal 903 of the switching circuit 
5 9. Since the motion amount information M in the f4-th field, 
the f5-th field, and the f8-th field are respectively M 0", 
for example, the ratio value ot outputted from the ratio 
operation circuit 905 is operated as "0" . 

Since the motion amount information M in the f 6-th 
10 field, the f7-th field, and the f9-th field are "19" or "13", 
the ratio value ot outputted from the ratio operation circuit 
905 is operated as "0.2". The ratio value Ot is shown in 
parentheses in Table 7 (b) . 

Results obtained by the output circuit 9 performing an 
15 operation depending on whether the ratio value a is large or 
small are shown in Table 9. 



20 



25 
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Table 9 

Value of Output Circuit 9 and Difference between Output Value 
of Output Circuit 9 and Value of Original Video Signal 
(a) Output of Output Circuit 9 




(b) Difference between Output Value of Output 
Circuit 9 and Value of Original Video Signal 
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In Table 9 (a) , on the (L + l) -th line in the f 4-th field, 

for example, the ratio value ot found from the motion amount 
information M is a value "0" (see Table 7 (b) ) , so that the 
output value of the inter-frame interpolation circuit 7 is 
5 a value "191" (see Table 8 (a)). Further, on the (L+l)-th 

line in the f6-th field, for example, the ratio value ot found 
from the motion amount information M is a value "0.2" (see 
Table 7 (b) ) , so that the output value of the inter-frame 
interpolation circuit 7 is the whole number "77" nearest to 

10 a value "76.8" which is the sum of a value "51.2" obtained 
by multiplying "64" (see Table 8 (a)) by "0.8" (= 1 - 0.2) 
and a value "25.6" obtained by multiplying a value "128" (see 
Table 8 (b) ) which is the output value of the intra-f ield 
interpolation circuit 8 by a value "0.2" . 

15 The value on the interpolation line which is hatched and 

the value on the current line which is not hatched are thus 
operated, as shown in Table 9 (a) . 

Table 9 (b) shows the absolute value of the difference 
between the value outputted from the output circuit 9 shown 

20 in Table 9 (a) and an original video signal. In Table 9 (b) , 
the difference is calculated in the following manner in 
consideration of a time difference of one field which is a 
delay in the picture conversion apparatus 100. 

Although a value "218" on the (L + 3)-th line in the f5-th 

25 field in the original video signal is a value on a line which 
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is not transmitted in the interlaced video signal, a value 
"179" is outputted as a value on the (L + 3) -th line in the f 6-th 
field from the output circuit 9. A value "39" is calculated 
as the absolute value of the difference between the value 
5 "218" on the (L + 3) -th line in the f 5-th field and the outputted 
value "179" on the (L + 3)-th line in the f6-th field. In such 
a way, the difference between the value of the original video 
signal on an interpolation line and the value outputted from 
the output circuit 9 is calculated, as shown in Table 9 (b) . 

10 As shown in Table 9 (b) , according to the picture 

conversion apparatus 100 according to the first embodiment 
of the present invention, a difference in luminance from a 
current signal on the interpolation line can be suppressed 
to not more than a value "40". This value can be made 

15 significantly smaller, as compared with a value "90" which 
is a difference from the current signal on the interpolation 
line in the prior art shown in Table 4 (b) . 

That is, according to the present embodiment, it is 
possible to significantly alleviate the problem in the prior 

20 art that moving picture processing is liable to be performed 
when the picture slowly moves in the vertical direction so 
that the picture quality thereof is liable to be degraded. 

The picture conversion apparatus 100 according to the 
present embodiment can perform accurate motion detection 

25 because it can compare the progressive video field signal PI 
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and the progressive video field signal P2 which differ in 
fields to be bases, and outputs the result of the comparison 
as the motion amount information M. Further, the picture 
conversion apparatus 100 can make accurate motion judgment 
5 even in cases such as a case where a picture having a large 
luminance difference in the vertical direction slowly moves, 
thereby making it possible to provide a video which is stable 
and has a high resolution. 

In the present embodiment, the progressive video field 

10 signal P2 is generated from the interlaced video signals VI, 
a, and b out of the four interlaced video signals VI, a, b, 
and c successively delayed field by field, and the progressive 
video field signal PI is generated from the interlaced video 
signals a, b, and c. The progressive video field signal PI 

15 and the progressive video field signal P2 are compared with 
each other. 

The generation of the progressive video field signal PI 
and the progressive video field signal P2 is not limited to 
the generation by the four interlaced video signals 

20 successively delayed field by field. For example, the 
progressive video field signal PI may be generated by the 
interlaced video signal VI and the interlaced video signal 
a out of the interlaced video signals VI, a, and b, and the 
progressive video field signal P2 may be generated by the 

25 interlaced video signals a and b. Consequently, the amount 



of data stored in a field memory can be reduced, thereby making 
it possible to provide a high-performance picture conversion 
apparatus at low cost. 

In the present embodiment, the interlaced video signal 
a is used as the current line in the progressive video field 
signal PI, a value obtained by operating the interlaced video 
signal VI and the interlaced video signal b is used as the 
interpolation line, a field signal of the interlaced video 
signal b is used as the current line in the progressive video 
field signal P2, and a value obtained by operating the 
interlaced video signal VI and the interlaced video signal 
c is used as the interpolation line. 

Even if the interlaced video signals slightly move, 
therefore, the relative motion amounts are exerted on the 
interpolation line such that they are canceled by the 
operation of the interlaced video signals VI and b or the 
operation of the interlaced video signals a and b. Even if 
a picture moves, therefore, it can be accurately judged 
whether the picture is a "still picture" or a "moving 
picture", and the picture quality thereof can be improved with 
high precision, thereby making it possible to provide a 
progressive video signal of a higher picture quality. 

Furthermore, in operating a signal on an interpolation 
line, a corresponding pixel in a corresponding interlaced 
video signal and a pixel peripheral thereto are included in 
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the operation. Consequently, the progressive video field 
signal PI and the progressive video field signal P2 which have 
tolerance for noise and have higher precision can be 
generated, thereby making it possible to perform higher- 
precision motion detection. 

Furthermore, in operating a signal on an interpolation 
line, an average of corresponding pixels in corresponding 
interlaced video signals is operated. Therefore, the circuit 
scale can be simplified so that a low-cost circuit can be 
realized. 

The comparison circuit 6 is for comparing the values of 
the corresponding pixels in the progressive video field 
signal PI generated by the first progressive video generation 
circuit 4 and the progressive video field signal P2 generated 
by the second progressive video generation circuit 5 and 
comparing for each pixel the values of the corresponding 
pixels and pixels peripheral thereto, to output the 
respective results of the comparison as motion amounts M. 

In this case, the comparison by the comparison circuit 
6 includes not only the corresponding pixels but also the 
pixels peripheral thereto, thereby making it possible to 
perform motion detection with higher precision. 

Generally in some cases, the interlaced video signal is 
referred to as an interlaced video field signal, and the 
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progressive video signal is particularly referred to as a 
progressive picture frame signal. 

In the description of the embodiment of the present 
invention, an intermediate progressive video signal which has 
5 not been finally outputted yet is referred to as a progressive 
video field signal because it is a signal for processing a 
television video in units of fields. As to this term, if 
particularly the field signal is referred to as a composite 
frame signal, it is unchanged in meaning. That is, in the 

10 present invention, if the progressive video field signal is 
referred to as a progressive picture frame signal, it is 
unchanged in meaning. The present invention is not limited 
to the term "progressive video field signal". That is, the 
progressive video field signal refers to a progressive video 

15 signal generated from an interlaced video field signal. 

In the present embodiment, the first one-field delay 
circuit 1, the second one-field delay circuit 2, and the third 
one-field delay circuit 3, the first progressive video 
generation circuit 4 and the second progressive video 

20 generation circuit 5 correspond to an progressive signal 
generation circuit, the first one-field delay circuit 1, the 
second one-field delay circuit 2, and the third one-field 
delay circuit 3 correspond to an interlace generation 
circuit, the progressive video field signal PI corresponds 

25 to a first progressive signal, the first progressive video 

7 0 



generation circuit 4 corresponds to a first progressive 
circuit, the progressive video field signal P2 corresponds 
to a second progressive signal, and the second progressive 
video generation circuit 5 corresponds to a second 
5 progressive circuit. • 

Furthermore, the comparison circuit 6 corresponds to a 
motion calculation circuit, the frame interfiled 
interpolation circuit 7 corresponds to a still picture 
processing circuit, the intra-field interpolation signal F2 

10 corresponds to a moving picture progressive signal, the 
intra-field interpolation circuit 8 corresponds to a moving 
picture processing circuit, and the interlaced video signals 
VI, a, b, and c respectively correspond to first to fourth 
interlaced video signals. 

15 (Second Embodiment) 

A picture conversion apparatus according to a second 
embodiment will be described. In the picture conversion 
apparatus according to the second embodiment, a plurality of 
virtual pixels are newly generated between lines in the 

20 progressive video field signal PI and the progressive video 
field signal P2 which are respectively generated by the first 
progressive video generation circuit 4 and the second 
progressive video generation circuit 5 shown in Fig. 1. 

As a result, the picture conversion apparatus according 

25 to the second embodiment can detect motion information more 



precisely on the basis of the plurality of virtual pixels even 
when a picture slowly moves at a rate of not more than one 
line per field, as compared with the picture conversion 
apparatus 100 according to the first embodiment, as well as 
to realize optimum control of still picture processing and 
moving picture processing. 

Fig. 7 is a block diagram showing the picture conversion 
apparatus according to the second embodiment of the present 
invention. The picture conversion apparatus 100a according 
to the second embodiment differs from the picture conversion 
apparatus 100 according to the first embodiment shown in Fig. 
1 in the following points. 

The picture conversion apparatus 100a according to the 
second embodiment further comprises a first video signal 
generation circuit 10 and a second video signal generation 
circuit 11 in addition to the configuration of the picture 
conversion apparatus 100 according to the first embodiment. 

Furthermore, the picture conversion apparatus 100a 
according to the second embodiment comprises a comparison 
circuit 6a in place of the comparison circuit 6 in the picture 
conversion apparatus 100 according to the first embodiment, 
and comprises an output circuit 9a in place of the output 
circuit 9 in the picture conversion apparatus 100 according 
to the first embodiment. 



Other constituent elements of the picture conversion 
apparatus 100a according to the second embodiment are the same 
as the constituent elements of the picture conversion 
apparatus 100 accordinq to the first embodiment and hence, 
5 the same constituent elements are assigned the same reference 
numerals . 

Description is now made of the different points of the 
picture conversion apparatus 100a according to the second 
embodiment from the picture conversion apparatus 100 

10 according to the first embodiment. 

The first video signal generation circuit 10 in the 
picture conversion apparatus 100a according to the second 
embodiment newly generates pixels between pixels in a 
progressive video field signal PI outputted from a first 

15 progressive video generation circuit 4. Further, the second 
video signal generation circuit 11 newly generates pixels 
between pixels in a progressive video field signal P2 
outputted from the second progressive video generation 
circuit 5. 

20 The comparison circuit 6a then compares the values of 

corresponding pixels in a newly generated progressive video 
field signal P3 outputted from the first video signal 
generation circuit 10 and a newly generated progressive video 
field signal P4 outputted from the second video signal 

25 generation circuit 11, or compares the values of the 
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corresponding pixels and pixels peripheral thereto, and 
outputs the result of the comparison as motion amount 
information Ma. 

Description is now made of the configurations of the 
5 first video signal generation circuit 10 and the second video 
signal generation circuit 11. 

Fig. 8 (a) is a diagram showing the configuration of the 
first video signal generation circuit 10, and Fig. 8 (b) is 
a diagram showing the configuration of the second video signal 

10 generation circuit 11. 

As shown in Fig. 8 (a) , the first video signal generation 
circuit 10 comprises one-line delay circuits 1002 and 1003, 
multiplication circuits 1004, 1005, 1015, and addition 

circuits 1016, 1017, 1021. 

15 Furthermore, the respective multiplication factors of 

the multiplication circuits 1005, 1008, 1011, and 1014 are 
set to one-fourth. The respective multiplication factors of 
the multiplication circuits 1006, 1007, 1012, and 1013 are 
set to two-fourths. The respective multiplication factors 

20 of the multiplication circuits 1004 , 1009, 1010, and 1015 are 
set to three-fourths. 

As shown in Fig. 8 (b), the second video signal 
generation circuit 11 comprises one-line delay circuits 1102 
and 1103, multiplication circuits 1104, 1105, • • • , 1115, and 

25 addition circuits 1116, 1117, 1121. 
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Furthermore , the respective multiplication factors of 
the multiplication circuits 1105, 1108, 1111, and 1114 are 
set to one-fourth. The respective multiplication factors of 
the multiplication circuits 1106, 1107, 1112, and 1113 are 
5 set to two-fourths. The respective multiplication factors 
of the multiplication circuits 1104, 1109, 1110, and 1115 are 
set to three-fourths. 

Description is now made of the operations of the first 
video signal generation circuit 10 using Fig. 8 (a) . 
10 The progressive video field signal PI outputted from the 

first progressive video generation circuit 4 is fed to an 
input terminal 1001. The progressive video field signal PI 
fed to the input terminal 1001 is fed to the one-line delay 
circuit 1002 . 

15 The one-line delay circuit 1002 delays the progressive 

video field signal PI by one line, to generate a progressive 
video field signal Pll, and feeds the generated progressive 
video field signal Pll to the one-line delay circuit 1003. 
The one-line delay circuit 1003 delays the progressive video 

20 field signal Pll by one line, to generate a progressive video 
field signal P12. 

The progressive video field signal PI fed to the input 
terminal 1001 is respectively fed to the multiplication 
circuits 1011, 1013, and 1015. The progressive video field 

25 signal Pll generated by the one-line delay circuit 1002 is 



respectively fed to the multiplication circuits 1005, 1007, 
1009, 1010, 1012, and 1014. The progressive video field 
signal P12 generated by the one-line delay circuit 1003 is 
respectively fed to the multiplication circuits 1004, 1006, 
5 and 1008. 

In the multiplication circuit 1004, the fed progressive 
video field signal P12 is multiplied by the set multiplication 
factor, and the result of the multiplication is outputted to 
the addition circuit 1016. In the multiplication circuit 

10 1005, the fed progressive video field signal Pll is multiplied 
by the set multiplication factor, and the result of the 
multiplication is outputted to the addition circuit 1016. In 
the multiplication circuit 1006, the fed progressive video 
field signal P12 is multiplied by the set multiplication 

15 factor, and the result of the multiplication is outputted to 
the addition circuit 1017. 

In the multiplication circuit 1007, the fed progressive 
video field signal Pll is multiplied by the set multiplication 
factor, and the result of the multiplication is outputted to 

20 the addition circuit 1017. In the multiplication circuit 
1008, the fed progressive video field signal P12 is multiplied 
by the set multiplication factor, and the result of the 
multiplication is outputted to the addition circuit 1018. In 
the multiplication circuit 1009, the fed progressive video 

25 field signal Pll is multiplied by the set multiplication 
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factor, and the result of the multiplication is outputted to 
the addition circuit 1018. In the multiplication circuit 
1010, the fed progressive video field signal Pll is multiplied 
by the set multiplication factor, and the result of the 
5 multiplication is outputted to the addition circuit 1019. 

In the multiplication circuit 1011, the fed progressive 
video field signal PI is multiplied by the set multiplication 
factor, and the result of the multiplication is outputted to 
the addition circuit 1019. In the multiplication circuit 

10 1012, the fed progressive video field signal Pll is multiplied 
by the set multiplication factor, and the result of the 
multiplication is outputted to the addition circuit 1020. In 
the multiplication circuit 1013, the fed progressive video 
field signal PI is multiplied by the. set multiplication 

15 factor, and the result of the multiplication is outputted to 
the addition circuit 1020. In the multiplication circuit 
1014, the fed progressive video field signal Pll is multiplied 
by the set multiplication factor, and the result of the 
multiplication is outputted to the addition circuit 1021. In 

20 the multiplication circuit 1015, the fed progressive video 
field signal PI is multiplied by the set multiplication 
factor, and the result of the multiplication is outputted to 
the addition circuit 1021. 

Subsequently, in the addition circuit 1016, output 

25 signals of the multiplication circuit 1004 and the 



multiplication circuit 1005 are added together, and a 
progressive video field signal is outputted from an output 
terminal 1022. In the addition circuit 1017, output signals 
of the multiplication circuit 1006 and the multiplication 
circuit 1007 are added together, and a progressive video field 
signal is outputted from an output terminal 1023. In the 
addition circuit 1018, output signals of the multiplication 
circuit 1008 and the multiplication circuit 1009 are added 
together, and a progressive video field signal is outputted 
from an output terminal 1024. 

In the addition circuit 1019, output signals of the 
multiplication circuit 1010 and the multiplication circuit 

1011 are added together, and a progressive video field signal 
is outputted from an output terminal 1026. In the addition 
circuit 1020, output signals of the multiplication circuit 

1012 and the multiplication circuit 1013 are added together, 
and a progressive video field signal is outputted from an 
output terminal 1027. In the addition circuit 1021, output 
signals of the multiplication circuit 1014 and the 
multiplication circuit 1015 are added together, and a 
progressive video field signal is outputted from an output 
terminal 1028. The progressive video field signal Pll of the 
one-line delay circuit 1002 is outputted from an output 
terminal 1025. In the first video signal generation circuit 
10 shown in Fig. 8 (a), the progressive video field signals 
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outputted from the output terminals 1022, 1028 are 

outputted from an output terminal 1029. 

The above-mentioned first video signal generation 
circuit 10 is operated on the basis of a signal from a timinq 
5 generation circuit (not shown) . The signal from the timing 
generation circuit is generated at timing at which an 
interpolation line in the progressive video field signal PI 
generated by the progressive video generation circuit 4 is 
outputted from the one-line delay circuit 1002. 

10 At this time, a value which is one-fourth of the value 

of a pixel on an interpolation line to be paid attention to 
(hereinafter referred to as an object interpolation line) and 
a value which is three-fourths of the value of a pixel on a 
current line above the interpolation line are added together, 

15 and the result of the addition is outputted to the output 
terminal 1022. Consequently, a pixel at a distance which is 
three-fourths of one line from the pixel on the object 
interpolation line to the pixel on the current line above the 
interpolation line is generated. 

20 Similarly, a value which is two-fourth of the value of 

the pixel on the object interpolation line and a value which 
is two-fourths of the value of the pixel on the current line 
above the interpolation line are added together, and the 
result of the addition is outputted to the output terminal 

25 1023. Consequently, a pixel at a distance which is two- 
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fourths of one line from the pixel on the object interpolation 
line to the pixel on the current line above the interpolation 
line is generated . 

Furthermore, a value which is three-fourth of the value 
of the pixel on the object interpolation line and a value which 
is one-fourth of the value of the pixel on the current line 
above the interpolation line are added together, and the 
result of the addition is outputted to the output terminal 
1024 . Consequently, a pixel at a distance which is one-fourth 
of one line from the pixel on the object interpolation line 
to the pixel on the current line above the interpolation line 
is generated. 

Furthermore, the value which is three-fourths of the 
value of the pixel on the object interpolation line and a value 
which is one-fourth of the value of a pixel on a current line 
below the interpolation line are added together, and the 
result of the addition is outputted to the output terminal 
1026. Consequently, a pixel at a distance which is one-fourth 
of one line from the pixel on the object interpolation line 
to the pixel on the current line below the interpolation line 
is generated . 

Furthermore, the value which is two-fourths of the value 
of the pixel on the object interpolation line and a value which 
is two-fourths of the value of the pixel on the current line 
below the interpolation line are added together, and the 
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result of the addition is outputted to the output terminal 

1027. Consequently, a pixel at a distance which is two- 
fourths of one line from the pixel on the object interpolation 
line to the pixel on the current line below the interpolation 

5 line is generated. 

Furthermore, the value which is one-fourth of the value 
of the pixel on the object interpolation line and a value which 
is three-fourths of the value of the pixel on the current line 
below the interpolation line are added together, and the 
10 result of the addition is outputted to the output terminal 

1028. Consequently, a pixel at a distance which is 
three-fourths of one line from the pixel on the object 
interpolation line to the pixel on the current line below the 
interpolation line is generated. 

15 An example of an output of the first video signal 

generation circuit 10 and an example of an output of the second 
video signal generation circuit 11 are shown in Table 10. 

20 



25 
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Table 10(a) 

Example of Video Signal Generation Circuit 

(a) Example of Output of Video Signal Generation Circuit 10 
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Table 10 (b) 



(b) Example of Output of Video Signal Generation Circuit 11 




Table 10 (a) shows an output signal from the output 
5 terminal 1029 of the first video signal generation circuit 
10, and Table 10 (b) shows an output signal from the output 
terminal 1129 of the second video signal generation circuit 
11. 

When the first video signal generation circuit 10 
10 calculates a pixel on the (L+1.25) -th line between the 

(L+2)-th line and the (L+l)-th line in the f4-th field, as 
shown in Table 10 (a), it adds a value "191. 25" which is 
three-fourths of the value "255" of a pixel on the (L+l)- 
th line and a value "32" which. is one-fourth of a value "128" 
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of a pixel on the (L + 2)-th line together, and calculates the 
sum "233.25". The first video signal generation circuit 10 
selects "223" as a value nearest to the calculated sum 
"223.25", and outputs the selected value as the value of the 
5 pixel on the (L+1.25)-th line in the f4-th field. 

When the second video signal generation circuit 11 
calculates a pixel on the (L+4.25)-th line between the 
(L+4)-th line and the (L+5)-th line in the f5-th field, as 
shown in Table 10 (b) , for example, it adds a value "27.75" 

10 .which is three-fourths of the value "37" of a pixel on the 
(L+4 ) -th line and a value "32" which is one-fourth of the value 
"128" of a pixel on the (L+5) -th line together, and calculates 
the sum "59.75". The second video signal generation circuit 
11 selects "60" as a value nearest to the calculated sum 

15 "59.75", and outputs the selected value as the value of the 
pixel on the (L+4.25)-th line in the f5-th field. In such 
way, the values of pixels on the other lines are calculated 
and outputted. 

In the first video signal generation circuit 10 and the 

20 second video signal generation circuit 11, the above- 
mentioned operations are respectively performed, so that the 
progressive video field signals P3 and P4 obtained by 
respectively adding newly generated pixels to the progressive 
video field signals PI and P2 are outputted to the comparison 

25 circuit 6a. 
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The configuration and the operations of the comparison 
circuit 6a will be then described. Fig. 9 is a block diagram 
showing the internal configuration of the comparison circuit 
6a . 

The comparison circuit 6a comprises buffer circuits 

6003 and 6004, a motion operation circuit 6005, and a minimum 
value circuit 6006. 

The progressive video field signal P3 is fed to an input 
terminal 6001 of the comparison circuit 6a from the first 
video signal generation circuit 10, and the progressive video 
field signal P4 is fed to the input terminal 6002 from the 
second video signal generation circuit 6002. 

The progressive video field signals P3 and P4 fed from 
the input terminals 6001 and 6002 are respectively fed to the 
buffer circuits 6003 and 6004. The buffer circuits 6003 and 

6004 respectively store the progressive video field signals 
P3 and P4 at predetermined intervals, and respectively feed 
the progressive video field signals P7 and P8 to the motion 
operation circuit 6005 after an elapse of the predetermined 
time interval. The motion operation circuit 6005 compares, 
in the progressive video field signals P7 and P8 respectively 
fed from the buffer circuits 6003 and 6004, the values of 
corresponding pixels or the values of the corresponding 
pixels and pixels peripheral thereto, and outputs the result 
of the comparison as a motion amount Ml. 
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The minimum value circuit 6006 selects the minimum value 
from the motion amount Ml outputted from the motion operation 
circuit 6005, and outputs the selected minimum value as motion 
amount information Ma from an output terminal 6007. 

Description is now made of an example of the operations 
of the motion operation circuit 6005. The motion operation 
circuit 6005 performs motion detection on the basis of the 
inputted progressive video field signals. 

First, in the motion operation circuit 6005, the 
progressive video field signals P7 and P8 having pixels newly 
generated therein are respectively fed from the buffer 
circuits 6003 and 6004. 

In the motion operation circuit 6005, the motion 
detection is performed in the following manner on the basis 
of a total of seven pixels, i.e., one pixel on the (L+3)- 
th line, three pixels above the (L+3)-th line, and three 
pixels below the (L+3)-th line in the f4-th field in the 
progressive video field signal. 

The value of the pixel on the (L + 3)-th line in the f4-th 
field is found by adding the absolute values of the respective 
differences between the values of pixels on the (L+2.25)- 
th line to the (L + 3.75)-th line in the f4-th field shown in 
Table 10 (a) and the values of pixels on the (L+2.25)-th line 
to the (L + 3.75)-th line in the f4-th field shown in Table (b) . 
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That is, the value of the pixel on the (L+3)-th line in 
the f4-th field is expressed by the following equation: 
Equation 1 



(( | 96-179 | )+ | (64-141) | + | (32-102) | + | (0-64) | + 
| (32-57) | + | (64-51) | + | (96-44) | )/7%54. 857 

= 55 



The value in the foregoing equation is the minimum value 

10 in a case where a picture does not move at all but stands still. 
When the pixel on the (L + 3) -th line in the f 4-th field assumes 
a small value, for example, it can be judged that the picture 
is not changed in the vicinity of the pixel. Therefore, it 
can be presumed that the picture is a still picture. 

15 Furthermore, the value of a pixel on a line one line 

above the (L + 3)-th line in the f4-th field is found by adding 
the absolute values of the respective differences between the 
values of pixels on the (L+2)-th line to the (L+3.50)-th line 
in the f4-th field shown in Table (a) and the values of pixels 

20 on the (L+2.25)-th line to the (L+3 . 75 ) -th line in the f4-th 
field shown in Table 10 (b) . 

In the following, the distance between two lines 
adjacent on the upper and lower sides in the same field is 
represented as one pixel per field, and one-half of the 

25 distance between the two lines is represented as a 0.5 pixel 

8 7 



field, one-fourth of the distance between the two lines is 
represented as a 0.25 pixel field, and three-fourths of the 
distance between the two lines is represented as a 0.75 pixel 
field. 

5 That is, the value of the pixel on the line one line above 

the (L+3)-th line in the f4-th field is expressed by the 
following equation : 
Equation 2 

10 ( I 128-179 | + | (96-141) | + | (64-102) | + | (32-64) | + 
| (0-57) | + | (32-51) | + | (64-44) | )/7 = 37. 429 

= 38 

The value in the foregoing equation is the minimum value 
15 in a case, where a picture moves at a rate of 0.25 pixels per 
field in the downward line direction. 

Furthermore, the value of a pixel on a line two lines 
above the (L + 3)-th line in the f4-th field is found by adding 
the absolute values of the respective differences between the 
20 values of pixels on the (L+1.75)-th line to the (L+3.25)- 
th line in the f4-th field shown in Table 10 (a) and the values 
of pixels on the (L+2.25)-th line to the (L+3.75)-th line in 
the f4-th field shown in Table (b) . 
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That is, the value of the pixel on the line two lines 
above the (L+3)-th line in the f4-th field is expressed by 
the following equation: 
Equation 3 

( | 159-179 | + | (128-141) | + | (96-102) | + | (64-64) | + 
| (32-57) | + | (0-51) | + | (32-44) | )/7 = 18. 142 

= 18 



10 The value in the foregoing equation is the minimum value 

in a case where a picture moves at a rate of 0.50 pixels per' 
field in the downward line direction. 

Thus, the value of the pixel on the (L+3)-th line in the 
f4-th field is calculated as "55", the value of the pixel on 

15 the line one line above the (L+3)-th line in the f4-th field 
is calculated as "38", and the value of the pixel on the line 
two lines above the (L+3)-th line in the f4-th field is 
calculated as "18" . Similarly, the value of a pixel on a line 
three lines above the (L+3)-th line in the f4-th field is 

20 calculated as "22", the value of a pixel on a line one line 
below the (L+3)-th line in the f4-th field is calculated as 
"71", the value of a pixel on a line two lines below the 
(L+3)-th line in the f4-th field is calculated as "84", and 
the value of a pixel on a line three lines below the (L+3)-th 

25 line in the f4-th field is calculated as "98". 
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The value of the pixel on the (L + 3)-th line in the f4-th 
field, the value of the pixel on the line one line above the 
(L + 3)-th line, the value of the pixel on the line two lines 
above the (L+3)-th line, the value of the pixel on the line 
three lines above the (L + 3)-th line, the value of the pixel 
on the line one line below the (L+3)-th line, the value of 
the pixel on the line two lines below the (L+3)-th line, and 
the value of the pixel on the line three lines below the 
(L+3)-th line are respectively minimum values in cases where 
respective motion amounts are 0.75 pixels per field in the 
downward direction, 0.50 pixels per field in the downward 
direction, 0.25 pixels per field in the downward direction, 
zero, 0.25 pixels per field in the upward direction, 0.50 
pixels per field in the upward direction, and 0.75 pixels per 
field in the upward direction. 

•As described in the foregoing manner, in the motion 
operation circuit 6005, a motion amount and motion direction 
and its likelihood are calculated on the basis of a 
correlation between the progressive video field signals P7 
and P8, and are outputted as a motion amount Ml. The results 
of the output of the motion amount Ml in the above-mentioned 
motion operation circuit 6005 are shown in Table 11 (a) : 
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Table 11 (a) 

Example of Output of Motion Operation Circuit 6005 
and Example of Output of Comparison Circuit 6a 
(a) Example of Output of Motion Operation Circuit 6005 




As shown in Table 11 (a) , out of three columns and three 
columns, respectively, above and below the columns of 
(L+3)-th line in the f4-th field, the column showing a motion 
amount of 0.50 pixels per field above the (L+3)-th line gives 
10 the minimum value "18", for example. As a result, the motion 
amount and motion direction of the progressive video field 
signal is 0.50 pixels per field in the downward direction, 
and its likelihood is "18" . 
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Although in the picture conversion apparatus 100a 
according to the second embodiment, the motion amount and 
motion direction and its likelihood are judged on the basis 
of the minimum of the values of the outputs of the motion 
5 operation circuit 6005, the present invention is not limited 
to the same. For example, a predetermined threshold value 
may be set, to judge, when the minimum of the values in the 
seven columns is not more than the predetermined threshold 
value, that the motion amount is small. 

10 When the predetermined threshold value is set to "20", 

for example, a column in which the motion amount is "20" or 
less exists on the line two lines above the columns of (L+3) -th 
line- in the f4-th field from Table 11 (a). Accordingly, it 
can be judged that the motion amount and motion direction is 

15 0.5 pixels per field in the downward direction on the basis 
of a correlation between the progressive video field signals 
P7 and P8 . As a result, information outputted to the output 
circuit 9 can be reduced, thereby making it possible to 
simplify the output circuit 9. 

20 In such a way, the motion operation circuit 6005 

calculates the motion amount s of 0.25 pixels per field, 0.5 
pixels per field, and 0.75 pixels per field and their 
likelihoods, and respectively feeds the motion amounts and 
the likelihoods as motion amounts Ml to the minimum value 

25 circuit 6006. 
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The minimum value circuit 6006 selects the minimum of 
the motion amounts Ml, fed from the motion operation circuit 
6005, at pixels on an object interpolation line, and outputs 
the motion amount information Ma to the output terminal 6007. 
5 For example, in an interpolation line which is the 

(L + 3)-th line in the f4-th field shown in Table 11 (a), "18" 
in a column, on a line two lines above the interpolation line, 
showing a downward motion amount of five pixels per field is 
selected. That is, as shown in Table 11 (b) , a value 
10 indicating that the motion amount is 0.5 pixels per field in 
the downward direction and its likelihood is "18" is 
outputted. 

As described in the foregoing, the smaller the selected 
value is, the higher the probability of the., motion amount and 
15 motion direction at the pixel on the object interpolation line 
is . 



20 



25 
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Table 11 (b) 

(b) Example of Output of Comparison Circuit 6a, 




Table 11 (b) shows a value for each pixel on an 
interpolation line with respect to the above-mentioned 
minimum of the motion amounts. This value is outputted as 
the motion amount information Ma from the comparison circuit 
6a . 

In the picture conversion apparatus 100a according to 
the second embodiment, pixels are newly generated between 
lines, so that the progressive video field signal P3 and the 
progressive video field signal P4 each having a higher 
resolution are generated. The motion amount information Ma 
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is calculated by the comparison circuit 6a on the basis of 
the progressive video field signals. 

In the picture conversion apparatus 100a according to 
the second embodiment, high-precision motion detection can 
be performed, thereby making it possible to make the control 
of the output ratio of a moving picture to a still picture 
in the output circuit, described later, accurate, as well as 
to generate a progressive video field signal having a high 
resolution whose picture quality is hardly degraded. 

The comparison circuit 6a in the picture conversion 
apparatus 100a according to the second embodiment compares 
the values of corresponding pixels and compares the values 
of the corresponding pixels and pixels peripheral thereto at 
the time of an operation, and outputs the respective results 
of the comparison as motion amounts. As a result, the 
peripheral pixels can be also used for the operation. 
Therefore, it is possible to improve the operation precision 
as well as to improve the detection precision of the motion 
amount of the progressive video field signal. 

The relationship between pixels used at the time of an 
operation is not limited to that in the above-mentioned 
embodiment. For example, only an operation using 
corresponding pixels may be performed. Alternatively, only 
an operation using the corresponding pixels and pixels 



peripheral thereto may be performed. Further, both the 
operations may be together performed. 

Although in the picture conversion apparatus 100a 
according to the second embodiment, the progressive video 
5 field signal P3 and the progressive video field signal P4 are 
generated, and the motion amount is operated on the basis of 
the progressive video field signals, the present invention 
is not limited to the same. Another comparing method may be 
used . 

10 With respect to the progressive video field signal P3, 

for example, pixels newly generated are not used, and pixels 
which originally existed as the progressive video field 
signal PI are used. The pixels which originally existed and 
the progressive video field signal P4 newly generated may be 

15 compared with each other. 

Furthermore, with respect to the progressive video 
field signal P4 , for example, pixels newly generated are not 
used, and pixels which originally existed as the progressive 
video field signal P2 are used. The pixels which originally 

20 existed and the third progressive video field signal P4 newly 
generated may be compared with each other. 

In such a case, either one of the first video signal 
generation circuit 10 and the second video signal generation 
circuit 11 can be eliminated. Therefore, it is possible to 

25 reduce the circuit scale as well as to reduce the circuit cost. 
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In this case, the comparison circuit 6a compares 
corresponding pixels and the corresponding pixels and pixels 
peripheral thereto in the progressive video field signal P2 
and the progressive video field signal P3, the progressive 
video field signal PI and the progressive video field signal 
P4, and the progressive video field signal P3 and the 
progressive video field signal P4, and outputs the respective 
results of the comparison as motion amounts, thereby making 
it possible to calculate the motion amount information Ma. 

Description is now made of the operations of the output 
circuit 9a. Fig. 10 is a diagram showing an example of the 
internal configuration of the output circuit 9a. 

The output circuit 9a according to the second embodiment 
is the same as the output circuit 9 according to the first 
embodiment shown in Fig. 6 except that a ratio operation 
circuit 9005 is included in place of the ratio operation 
circuit 905 and hence, the same constituent elements are 
assigned the same reference numerals, and only different 
constituent elements will be described. 

A numerical value representing a motion amount and 
motion direction and its likelihood from the comparison 
circuit 6a is fed to an input terminal 903 of the ratio 
operation circuit 905 shown in Fig. 10. 

The ratio operation circuit 9005 judges that the ratio 
of a still picture is high when the fed numerical value 

97 



representing a motion amount and motion direction and its 
likelihood is not more than a predetermined value. In this 
case, the ratio operation circuit 9005 makes a ratio value 

a small such that the ratio of a still picture becomes high. 
For example, the ratio operation circuit 9005 sets the 

ratio value ot in the following manner on the basis of the 
numerical value representing a motion amount and motion 
direction and its likelihood (hereinafter abbreviated as a 
numerical value representing a motion amount) : 

The ratio operation circuit 9005 outputs "0" as the 

ratio value Ot when the numerical value representing a motion 
amount is not more than "0.50", outputs "0.2" as the ratio 

value Ot when the numerical value representing a motion amount 
is not more than "0.75", outputs "0.5" as the ratio value ot 
when the numerical value representing a motion amount is not 

more than "1.00", and outputs "1.0" as the ratio value Ot when 
the numerical value representing a motion amount is more than 
"1.00". 

Furthermore, the ratio operation circuit 9005 may judge 
that the accurate motion amount and motion direction is 
extracted to use each of the above-mentioned conditions when 
the numerical value representing amotion amount is not more 
than "20", while judging that the motion amount and motion 
direction is indefinite to fix the ratio value a to "1.0" 
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and output the ratio value when the numerical value 
representing a motion amount is more than "20". 

When the values shown in Table 11 (b) are fed to the ratio 
detection circuit 9005, therefore, all numerical values 
representing a motion amount are not more than "0.5". The 
ratio detection circuit 9005 outputs "0" as the ratio value 
a to multiplication circuits 906 and 907. 

Although in the method of setting the ratio value a 
according to the second embodiment, the ratio value a is set 
such that the ratio of a still picture becomes high when the 
motion amount of a progressive video field signal is not more 
than 1.0 line, the present invention is not limited to the 
same. The ratio value of a still picture may be increased 
when the numerical value representing a motion amount is not 
more than "0.75", while being increased when the numerical 
value representing a motion amount is not more than "0.50". 

In this case, the more accurate motion of the 
progressive video field signal can be found, and the state 
of the still picture can be strictly detected, thereby making 
it possible to improve the detection precision of a moving 
picture/still picture. 

By the foregoing conditions, the output values of the 
output circuit 9a in a case where the ratio value a is set 
to zero when the numerical value representing a motion amount 
is not more than "0.50" are shown in Table 12 (a): 



Table 12 (a) 

Value of Output Circuit 9 and Difference between Output Value 
of Output Circuit 9 and Value of Original Video Signal 
(a) Output of Output Circuit 9 




With respect to a portion where the motion amount and 
motion direction is determined from Table 12 (a) , the value 
of a pixel to be interpolated is operated. The difference 
between the result of the operation in the portion and a signal 
10 which has not been interlaced yet is shown in Table 12 (b) : 



15 
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Table 12 (b) 

(b) Difference between Output Value of Output 
Circuit 9 and Value of Original Video Signal 




5 In Table 12 (b) , calculation is performed in 

consideration of a time difference of one field which is a 
delay in the output circuit 9a, similarly to the calculation 
shown in Table 9 (b) . Comparison between Table 12 (b) and 
Table 9 (b) shows that an error in the 56-th field is decreased 

10 from "39" to vx 26" . 

As described in the foregoing, the picture conversion 
apparatus 100a according to the second embodiment can detect 
a moving picture or a still picture with higher precision and 
therefore, can convert a picture more accurately, as compared 

15 with the picture conversion apparatus 100 according to the 
first embodiment. 
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That is, it can be said that the picture conversion 
apparatus 100a according to the second embodiment more 
effectively solves the problem of the conventional motion 
adaptive progressive conversion apparatus that moving 
5 picture processing is liable to be performed when a picture 
slowly moves in the line direction so that the picture quality 
thereof is liable to be degraded, as compared with the picture 
conversion apparatus 100 according to the first embodiment. 

In the picture conversion apparatus 100a, the values of 

10 corresponding pixels and the values of the corresponding 
pixels and pixels peripheral thereto are respectively 
compared with each other using the progressive video field 
signal P3 and the progressive video field signal P4 each 
having virtual pixels newly generated therein, and the 

15 respective results of the comparison are outputted and 
detected as motion amounts, thereby making it possible to 
perform higher-precision motion detection. Therefore, it is 
possible to generate a progressive video field signal having 
a high resolution whose picture quality is hardly degraded. 

20 In newly generating pixels, the first video signal 

generation circuit 10 and the second video signal generation 
circuit 11 respectively newly generate pixels between lines 
in the progressive video field signals P3 and P4 . In 
converting the interlaced video signal VI into the 

25 progressive video field signal, precision in the vertical 
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direction in which more strict conversion precision is 
required can be increased when the interlaced video signal 
VI is converted into the progressive video field signal, and 
a circuit for newly generating pixels in the horizontal 
5 direction can be omitted, so that the increase in the circuit 
scale can be suppressed. Therefore, it is possible to provide 
a high-precision picture conversion apparatus at low cost. 

In the description of the second embodiment of the 
present invention, the first one-field delay circuit 1, the 

10 second one-field delay circuit 2, and the third one-field 
delay circuit 3, the first progressive video generation 
circuit 4 the second progressive video generation circuit 5 
the first video signal generation circuit 10 and the second 
video signal generation circuit 11 correspond to an 

15 progressive signal generation circuit, the first one-field 
delay circuit 1, the second one-field delay circuit 2, and 
the third one-field delay circuit 3 correspond to an interlace 
generation circuit, the progressive video field signal PI 
corresponds to a first progressive signal, the first 

20 progressive video generation circuit 4 corresponds to a first 
progressive circuit, the progressive video field signal P2 
corresponds to a second progressive signal, the second 
progressive video generation circuit 5 corresponds to a 
second progressive circuit, the first video signal generation 

25 circuit 10 corresponds to a first pixel generation circuit, 
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and the second video signal generation circuit 11 corresponds 
to a second pixel generation circuit. 

Furthermore, the comparison circuit 6a corresponds to 
a motion calculation cirniif.. the frame interfiled 
interpolation signal Fl corresponds to a still picture 
progressive signal, the frame interfiled interpolation 
circuit 7 corresponds to a still picture processing circuit, 
the field intra-field interpolation signal F2 corresponds to 
a moving picture progressive signal, the field intra-field 
interpolation circuit 8 corresponds to a moving picture 
processing circuit, and interlaced video signals VI, a, b, 
and c respectively correspond to first to fourth interlaced 
video signals. 

(Third Embodiment ) 

A picture conversion apparatus 100b according to a third 
embodiment of the present invention will be described. Fig. 
11 is a block diagram showing the configuration of the picture 
conversion apparatus 100b according to the third embodiment. 

The picture conversion apparatus 100b shown in Fig. lib 
is the same as the picture conversion apparatus 100 according 
to the first embodiment shown in Fig. 1 except that the frame 
interfield interpolation circuit 7 is eliminated, a non- 
adaptive region detection circuit 12 is added, and an output 
circuit 9b is included in place of the output circuit 9 and 
hence, the same constituent elements are assigned to the same 
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reference numerals, and only different constituent elements 
will be described. 

An interlaced video signal VI and an interlaced video 
signal a which is an output signal from a first one-field delay 
5 circuit 1 are fed to the non-adaptive region detection circuit 
12 shown in Fig. 11. 

The non-adaptive region detection circuit 12 detects, 
on the basis of the interlaced video signal VI and the 
interlaced video signal a, an average of the values of 
10 peripheral pixels including pixels corresponding to a picture 
between fields in each of the signals. 

Generally, when the average value in the interlaced 
video signal VI and the average value in the interlaced video 
signal a greatly differ from each other, it is considered that 
15 a fed picture is a picture having flicker properties whose 
signal value originally greatly changes between fields. 

The picture having flicker properties means a picture 
in a state where the whole thereof flickers, for example, a 
state where the whole thereof repeatedly changes from white 
20 to black for each field. Actually, the picture having flicker 
properties is formed in a video signal in a case where strobe 
is continuously flashed in a dark room. 

In the picture having flicker properties, when frame 
interfield interpolation which is still picture processing 
25 is performed, the picture quality thereof is distorted. 
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Accordingly, the picture conversion apparatus 100b should 
output a signal obtained by field intra-f ield interpolation 
processing which is moving picture processing. 

That is. when the picture having flicker properties 
5 which alternates between white and black is subjected to frame 
interfield interpolation which is still picture processing, 
interpolation of a pixel in gray which is an intermediate 
color between white and black is performed. Accordingly, the 
picture quality of a picture in only white or a picture in 

10 only black is distorted. 

Consequently, the non-adaptive region detection 
circuit 12 detects whether or not the fed picture is a picture 
having flicker properties, and feeds to the output circuit 
• 9b judgment whether or not the signal obtained by field 

15 intra-f ield interpolation processing which is moving picture 
processing should be outputted. . 

The output circuit 9b increases the ratio of a signal 
from a field intra-field interpolation circuit 8 and outputs 
the signal when the judgment that the signal obtained by field 

20 intra-field interpolation processing which is moving picture 
processing should be outputted is fed from the non-adaptive 
region detection circuit 12. Consequently, the picture 
having flicker properties, for example, a video including 
continuous flashing of a camera can be prevented from being 

25 erroneously still processed. Therefore, it is possible to 
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provide a higher-precision picture conversion apparatus 
100b. 

The non-adaptive region detection circuit 12 detects an 
average of the values of peripheral pixels including 
5 corresponding pixels in fields in the interlaced video 
signal. As a result, it is possible to provide a higher- 
precision picture conversion apparatus 100b on a relatively 
small circuit scale. 

In the picture conversion apparatus 100b according to 
10 the third embodiment, the frame interfield interpolation 
circuit 7 shown in Fig. 1 is eliminated, and an output signal 
of a second progressive video generation circuit 5 is fed to 
the output circuit 9b in place of an output from the frame 
interfield interpolation circuit 7. The frame interfield 
15 interpolation circuit 7 can be thus eliminated. Therefore, 
it is possible to provide a low-cost picture conversion 
apparatus 100b. 

(Another Example ) 

Description is now made of another example of the 
20 non-adaptive region detection circuit shown in Fig. 11. Fig. 
12 is a block diagram showing another example of the non- 
adaptive region detection circuit. 

A non-adaptive region detection circuit 12a shown in 
Fig. 12 comprises a first region detection circuit 21, a 
25 second region circuit 22, and a judgment circuit 30. 
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As shown in Fig. 12, an interlaced video signal VI is 
fed to a first one-field delay circuit 1 and the first region 
detection circuit 21. The first one-field delay circuit 1 
delays the fed interlaced video signal VI by one field to 
generate an interlaced video signal a, and feeds the 
interlaced video signal a to the second region detection 
circuit 22 . 

The first region detection circuit 21 feeds to the 
judgment circuit 30 the average value AVI on one line, the 
maximum value MAX1 on one line, and the minimum value.. MINI 
on one line from the fed interlaced video signal VI. The 
second region detection circuit 22 feeds to the judgment 
circuit 30 the average value AV2 on one line, the maximum value 
MAX2 on one line, and the minimum value MIN2 on one line in 
the interlaced video signal a fed from the first one-field 
delay circuit 1. 

The judgment circuit 30 detects whether or not a picture 
fed on the basis of the average values AVI and AV2, the maximum 
values MAX1 and MAX2, and the minimum values MINI and MIN2 
which are fed from the first region detection circuit 21 and 
the second region detection circuit 22 is a picture having 
flicker properties whose signal value originally greatly 
changes between fields. 

For example, the judgment circuit 30 judges whether or 
not the difference between the first average value AVI and 
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the second average value AV2 is larger than a first threshold 
value. The judgment circuit 30 then judges whether or not 
the difference between the first maximum value MAX1 and the 
first minimum value MINI is larqer than a second threshold 
5 value. Further, the judgment circuit 30 judges whether or 
not the difference between the second maximum value MAX2 and 
the second minimum value MIN2 is larger than a third threshold 
value . 

Although the signal value of the picture having flicker 

10 properties greatly changes between fields, it does not 
greatly change in one field. 

Therefore, the judgment circuit 30 outputs to the output 
circuit 9b a non-adaptive region detection signal NI which 
is judged to be a picture having flicker properties when the 

15 difference between the first average value AVI and the second 
average value AV2 is larger than the first threshold value, 
the difference between the first maximum value MAX1 and the 
first minimum value MINI is smaller than the second threshold 
value, and the difference between the second maximum value 

20 MAX2 and the second minimum value MIN2 is smaller than the 
third threshold value. 

The non-adaptive region detection circuit 12a can 
accurately detect whether or not the fed picture is a picture 
having flicker properties by thus comparing the respective 

25 average values of peripheral pixels including pixels in a 
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video signal delayed by one line and peripheral pixels 
including pixels on a current line, and feed to the output 
circuit 9a judgment whether or not a signal obtained by field 
intra-f ield interpolation processing which is moving picture 
5 processing should be outputted. 

The output circuit 9b increases the ratio of a signal 
from the field intra-f ield interpolation circuit 8 and 
outputs the signal when the judgment that the signal obtained 
by field intra-f ield interpolation processing which is moving 

10 picture processing should be outputted is fed from the 
non-adaptive region detection circuit 12a. Consequently, the 
picture having flicker properties, for example, a video 
including continuous flashing of a camera can be prevented 
from being erroneously still processed. Therefore, it is 

15 possible to provide a higher-precision picture conversion 
apparatus 100b. 

The non-adaptive region detection circuit 12a detects 
whether or not the fed picture is a picture having flicker 
properties by an average of the values of peripheral pixels 

20 including corresponding pixels in fields in the interlaced 
video signal. As a result, it is possible to provide a 
higher-precision picture conversion apparatus 100b on a 
relatively small circuit scale. 
(Still Another Example) 
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Description is now made of still another example of the 
non-adaptive region detection circuit shown in Fig. 11. Fig. 
13 is a block diagram showing still another example of the 
non-adaptive region detection circuit. 
5 A non-adaptive region detection circuit 12b shown in 

Fig. 13 is the same as the non-adaptive region detection 
circuit 12a shown in Fig. 12 except that a third region 
detection circuit 23 and a second one-field delay circuit 2 
are included in addition to the configuration of the non- 
10 adaptive region detection circuit 12a and hence, the same 
constituent elements are assigned the same reference 
numerals, and only different constituent elements will be 
described . 

As shown in Fig. 13, a first one-field delay circuit 1 
15 delays a fed interlaced video signal VI by one field, to 
generate an interlaced video signal a, and feeds the 
interlaced video signal a to the second one-field delay 
circuit 2 and a second region detection circuit 22. 

The second one-field delay circuit 2 delays the fed 
20 interlaced video signal a by one field to generate an 
interlaced video signal b, and feeds the interlaced video 
signal b to the third region detection circuit 23. 

The third region detection circuit 23 feeds to a 
judgment circuit 30 the average value AV3 on one line, the 
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maximum value MAX 3 on one line, and the minimum value MIN3 
on one line from the fed interlaced video signal b. 

The judgment circuit 30 detects whether or not a fed 
picture is a picture having flicker prope^ti^s whose signal 
5 value originally greatly changes between fields on the basis 
of the average values AVI, AV2 , and AV3, the maximum values 
MAX1, MAX 2 , and MAX 3 , and the minimum values MINI , MIN2, and 
MIN3 which are fed from the first region detection circuit 
21, the second region detection circuit 22, and the third 

10 region detection circuit 23. 

Therefore, the judgment circuit 30 judges whether or not 
the difference between the first average value AVI and the 
second average value AV2 is larger than a first threshold 
value, for example. Further, the judgment circuit 30 further. 

15 judges whether or not the difference between the second 
average value AV2 and the third average value AV3 is larger 
than a fourth threshold value. 

The judgment circuit 30 then judges whether or not the 
difference between the first maximum value MAX1 and the first 

20 minimum value MINI is larger than a second threshold value. 
The judgment circuit 30 judges whether or not the difference 
between the second maximum value MAX2 and the second minimum 
value MIN2 is larger than a third threshold value. Further, 
the judgment circuit 30 judges whether or not the difference 
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between the third maximum value MAX 2 and the third minimum 
value MIN2 is larger than a fifth threshold value. 

Although the signal value of the picture having flicker 
properties greatly changes between fields- it does not 
5 greatly change in one field. 

The judgment circuit 30 outputs to the output circuit 
9a a non-adaptive region detection signal NI which is judged 
to be a picture having flicker properties when the difference 
between the first average value AVI and the second average 

10 value AV2 is larger than the first threshold value, the 
difference between the first maximum value MAX1 and the first 
minimum value MINI is smaller than the second threshold value, 
the difference between the second maximum value MAX 2 and the 
second minimum value MIN2 is smaller than the third threshold 

15 value, the difference between the third average value AV3 and 
the second average value AV2 is smaller than the first 
threshold value, and the difference between the third maximum 
value MAX3 and the third minimum value MIN3 is smaller than 
the fifth threshold value. 

20 Thus, the non-adaptive region detection circuit 12a 

accurately detects whether or not the fed picture is a picture 
having flicker properties by comparing the respective average 
values of peripheral pixels including pixels in a video signal 
delayed by two lines, peripheral pixels including pixels in 

25 a video signal delayed by one line, and peripheral pixels 
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including pixels on a current line, and feed to the output 
circuit 9b judgment whether or not a signal obtained by field 
intra-f ield interpolation processing which is moving picture 
processing should be outputted. 
5 The output circuit 9b increases the ratio of a signal 

from the field intra-field interpolation circuit 8 and 
outputs the signal when the judgment that the signal obtained 
by field intra-field interpolation processing which is moving 
picture processing should be outputted is fed from the 

10 non-adaptive region detection circuit 12a . Consequently, the 
picture having flicker properties, for example, a video 
including continuous flashing of a camera can be prevented 
from being erroneously still processed. Particularly, it is 
possible to provide a high-precision picture conversion 

15 apparatus 100b. 

In the description of the third embodiment of the 
present invention, the first one-field delay circuit 1, the 
second one-field delay circuit 2, and the third one-field 
delay circuit 3, the first progressive video generation 

20 circuit 4 the second progressive video generation circuit 5 
the first video signal generation circuit 10 and the second 
video signal generation circuit 11 correspond to an 
progressive signal generation circuit, the first one-field 
delay circuit 1, the second one-field delay circuit 2, and 

25 the third one-field delay circuit 3 correspond to an interlace 
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generation circuit, the progressive video field signal PI 
corresponds to a first progressive signal, the first 
progressive video generation circuit 4 corresponds to a first 
progressive circuit, the progressive video field signal P2 
5 corresponds to a second progressive signal, the second 
progressive video generation circuit 5 corresponds to a 
second progressive circuit, the first video signal generation 
circuit 10 corresponds to a first pixel generation circuit, 
the second video signal generation circuit 11 corresponds to 

10 a second pixel generation circuit, and the non-adaptive 
regions 12, 12a, and 12b correspond to a judgment circuit. 

Furthermore, the comparison circuit 6 corresponds to a 
motion calculation circuit, the frame interfiled 
interpolation signal Fl corresponds to a still picture 

15 progressive signal, the frame interfiled interpolation 
circuit 7 corresponds to a still picture processing circuit, 
the field intra-field interpolation signal F2 corresponds to 
a moving picture progressive signal, the field intra-field 
interpolation circuit 8 corresponds to a moving picture 

20 processing circuit, and interlaced video signals VI, a, b, 
and c respectively correspond to first to fourth interlaced 
video signals. 
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